


rmiCATlOX AND (n’UTlKK’AT)ON OF Oiri’IIOl’AFDIC SUHGICONS

I ov-re-

Certainly inx'sent .system will produce ji group of imiformly wcll-traincd orUio-

n'aedic surgeons of moderate ability) and some of moi-c tlian jivcragc ability will emerge

from the assembly line. On the other hand, orthopaedic surgeiy will suffer bccaiisc of this

uniformity, and many men will have been forced to submit to courses of training which

were unsuitable answers to thcii- ])roblems; while others who might have become outstand-

ing orthopaedic surgeons will be denied the privilege of entering thi,s specialty, because they

did not decide to adopt it before or shortly after finisliing nmdical .seliool. T])cy lU'opcrly

waited until their judgment was more mature. ]5y this time they had developed skill in

general surgery or general medicine for which they could get no credit from onr Board, or

the{ had incurred obligatious which prevented tiicm from starting all over again and

devoting three full years to so-callcri formal specialized training.

. From what has been said, one may infer that I believe that our present pi’ogram may

ctually be hindering, ratlicr than contributing to, the advance of our .specialty. From

dme to time we should c.vaminc critically our rerjuiremcnis for certification, in order to

determine wlielhcr or not oin- plan is functioning in a manner which is satisfactory to us.

I submit the following:

1. We should study modern methods of examinations, cspeciallj’- those developed in

the Array and, if necessary, should seek the aid of psychologists. We can devise compre-

hensive examinations which will be real tests of a man’s ability. With such examinations

it would be possible to be less rigid in the requirements for preliminary training. It is to be

einp/iasized that we owe more to the candidates than they owe us. In planning the exami-

nations, it should be recognized that the orthopaedic surgeon is a surgeon who largely

liinife his work to the spine and extremities, and it is the function of the Board to de-

termine whether or not the candidate’s knowledge and ability are such that he can be

classified as an expert in this field. His qualification to practise medicine has already

been determined by his state or the national board of medical examiners. Uniform exam-
inatkins in anatoni}’-, physiologj’’, pathology’’, biochemistry, and bacteriology, to be taken

by the candidates for certification in general surgery and in all of the surgical specialties,

are nUt suitable for the purpose intended.

^uch examinations would be planned largely to test the candidate’s knowledge of

general surgery, and would not test his proficiency in orthopaedic surgeiy. While the term
generial surgeon may be taken as referring to a general practitioner of surgery, who is

justiqed in performing an}^ type of surgical procedure, it is a fact that in areas in which
the various surgical specialties are adequately covered, the general surgeon largely limits
his practice to the abdomen, breast, front of the neck, and the subcutaneous tissues. It is

thus evident that his field is more restricted than is that of the orthopaedic surgeon. We
Jiust ;abandon the delusion that the modern general surgeon is proficient in all of the
surgical specialties. It is obvious that each surgical specialty should conduct its own
-xaininations and is capable of determining whether or not a man is qualified to practise
that qurgical specialty.

We should revert to our original function of establishing minimum requirements
01 th^ practice of orthopaedic surgeiy and should avoid even the appearance of attempt-
"g tb dictate the future development of our specialty. "With this in view we should
olish the requirements of certification for membership in our orthopaedic societies. We

loulff also discourage hospitals and government agencies from discriminating for or
gainst an orthopaedic surgeon because he has or has not been certified by the Board.

\ e may lessen the number of candidates for examination, but we will improve the
and will tend to eliminate the rapidly increasing throng of half-baked young

n
surgeons whose only claim to fame is that they are “certified”, and who,

ving attained that enviable position, can look down on their less fortunate brethren
rom now on can rest on the laurels gained by six years spent in pursuing the courseu ed. If left to follow their own inclinations in their desire to perfect themselves in
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orthopaedic surgery, how many of these men would have pursued the same or a similar
course? Is it not likely that some of the more adventurous spirits would have deliberately

or casually left the beaten path for a while and wandered into the territory allotted to
allied branches of medicine or related sciences? And when they returned, laden with the
fruits of their labors in other fields, would this increment be harmful to orthopaedic sur-

gery? Our specialty needs all of the outside help that it can get, and we should welcome
men who are learned in other branches of medicine. As we narrow and lengthen the road,

we progressively lessen the expansion of our specialty and its ability to serve mankind.
'

3. This brings me to a subject where there is room for wide divergence of ojpinion,

—

namely, the minimum requirements for training before a candidate can be accepted for

examination leading to certification. It is my impression that we have been too rigid in'

our insistence that candidates fulfill the requirements as regards preliminary training. We
should demand evidence that the candidate has devoted sufficient time to the study and
practice of orthopaedic surgery, so that he may reasonably be expected to have acquired

a satisfactory knowledge of the subject and sufficient skill in the technique of orthopaedic

procedures to enable him to practise his specialty with safety, and to have developed

adequate maturity of surgical judgment and scientific integrity to warrant his being

entrusted with the orthopaedic problems arising in his community. The candidate should

then be subjected to a searching examination, in order to determine whether or not he has

profited sufficiently from his study and experience to merit the stamp of approval.

We should cultivate broadness of mind in giving credit for the work done in other

branches of medicine or surgery or of allied sciences, and in this way attract to our specialty

men who have something more to contribute than their knowledge of orthopaedic surgery.

Likewise, they should not hesitate to give ample credit for years of experience in the prac-

tice and teaching of orthopaedic surgery in recognized clinics or hospitals or in association

•/th orthopaedic surgeons of known ability. The function of the Board is to determine

whether or not the candidate possesses the minimum requirements for an 'orthopaedic

surgeon, and it should not be too greatly concerned about how this ability was acquired.

We should eliminate the requirement that a candidate rigidty apportion his time among

adult and children’s orthopaedics and fractures, and especially should we abandon the

required six months spent in reviewing the fundamental branches of medicine, presumably

in their relation to orthopaedic surgery. I know of no place where such a course can be

obtained and, if it is ever offered in a medical school, it will be a super-quiz course; and

those who take it will have wasted time in acquiring a mass of ephemeral knowledge,

which could have been spent more profitably in research or in clinical work.

The candidate should know that he will be examined in the anatomy and pathology

of his specialty and that he may bo asked questions involving knowledge of other funda-

mental sciences; and he will attempt to increase his knowledge of them as he pursues his

orthopaedic education. To demand that an orthopaedic surgeon forsake his practice and

spend six months cramming fundamental sciences into his brain is certainly verging on

the ridiculous.

I am convinced that regimentation of postgi’aduate medical education in the special-

ties is a mistake. No one specific course of study or hospital training is suitable or desirable

for all men who are to engage in the practice of orthopaedic surgery. If I were to attempt

to lay out a course -tyr a hundred such men, I would start in high school and see that, in

addition to their re^lar stddies, all were given a fairly comprehensive course in manual

training, in order that they might learn to use their hands and acquire knowledge of and

respect for sharp tools.

All would enter college and about half of them would continue until graduation.

These would take a variety of courses: some, science; some, engineering; some, the

classics; some, humanities; and some, business administration with enough science to meet

the entrance requirements of the medical school of their choice. An effort would be made
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to stimulate each slucleni to develop especial interest in one or two subjects, perhaps not

related to medicine, during the last two years of college. About a fourth of these would

spend a year in graduate study before entering medical school, another fourth would work

for a year or so, and the others would enter at the next term aftei- graduation from college.

The other half, largely because of limited financial resources, would spend only two

or three years in college. Their object would be to fulfill the entrance requirements to

medical school and to acquire as adequate a general education as possible within the time

allotted. This heterogeneous group would then complete the regular course leading to the

degree of Doctor of jMedicinc in a Class A medical school, and each of them would then

serve a one-year internship in surgery; about half of these would then begin their ortho-

paedic training and would serve for one or more years in an orthopaedic service where the

visiting staff were conscious of their obligation to train the resident staff.

Of the other fifty who had completed one year in general surgery, about half would

continue in this field for from one to four years longer before beginning their orthopaedic

training. The other twenty-five would interrupt their surgical training at this point and

spend a year or more in study and research in general medicine or preferably in one of the

fundamental branches of medicine. The members of this group would then begin their

orthopaedic training two or more years after graduation, and thej’- too would serve one or

more years in a satisfactoiy orthopaedic service.

We now would have a group of young men, all of whom have had one-year internships

in general surgery and one-year internships in orthopaedic surgery, and half or more of

whom have spent from one to five years additional in training in general surgery or in

work in some other branch of medicine. It would be recommended that all of these men
spend a second or possibly a third year in an orthopaedic service where they could be

given more responsibility and gain more experience, but this wmuld not be required. Some
of them would enter practice in association with more mature orthopaedic surgeons; some
would enter practice directly and continue to add to their knowledge by study and at-

tendance at medical meetings; some wmuld take full or part-time positions and continue
to work in out-patient clinics, and gradually would be entrusted wdth the care of in-patients
and with teaching in established orthopaedic centers.

In this manner, we would obtain a hundred orthopaedic surgeons with -wide variation
in general and special education and a group wdiich wmuld compare favorably wdth our
present membership.

I would also not fail to recognize the fact that a good general surgeon can develop
into a good orthopaedic surgeon by simply directing his energies to that field. Likewise,
a young man with training only in general surgery may, by study and association wdth a
good orthopaedic surgeon, become highly skilled in this field. In neither case is any formal
orthopaedic training necessary. Would I perhaps be going a bit too far if I even suggested
that it is possible for one to practise general surgery and yet be an excellent orthopaedic
suigeon, and to voice the opinion that certain general surgeons merit qualification as
orthopaedic surgeons, just as some orthopaedic surgeons are excellent general surgeons?

In view of the foregoing, I suggest that we alter radically our policy of demanding
lat a candidate follow a rigidly outlined course of orthopaedic training, and that we

leco^ize the incontrovertible fact that satisfactory orthopaedic surgeons have been and
can be developed in many different w^ays. Our standards of excellence should not be
owered, and we can demand more time devoted to practice; however, we should not close
le oor of our specialty in the face of men who are well qualified, but whose education
las not been along the lines of regimentation.
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“SURVIVAL IN BONE SARCOMA"

BY HARRY PLATT, M.S., F.R.C.S., F.A.C.S., MANCHESTER, ENGLAND

Projessor of Orthopaedic Surgery, University oj Manchester

jMost of oul' general and statistical knowledge regarding prognosis in the various types

of bone sarcoma is derived (1) from figures published by the Registry of the American
College of Surgeons between the j-ears 1934 and 1939, inclusive; and (2) from such indi-

Audual contributions as those of W. B. Coley {1933 and 1934), Campbell (1935), B. L.

Coley (1938), IMeyerding (1938), Simmons (1939), and more recently jMacdonald and

Budd (1943). Analj'ses of the not inconsiderable number of cases classified as "long

sm-\-ivals” (patients living five years or more)
,
recorded by the Registry or in the personal

studies of the writers alreadj* mentioned, permit us to draw certain broad conclusions

concerning the effectiveness of various methods of treatment.

The case for the surgical eradication of accessible tumors as the treatment of choice

is in my judgment fullj- proven. The value of postoperative treatment by means of toxins

or irradiation or both seems to be still sub judice, but these therapeutic agents should not

be withheld from a patient if circumstances permit their sj^stematic use.

It can now be said that the outlook in the case of osteogenic sarcoma is not so gloomy

as it appeared at one time. Of the various histological types, the spindle-cell sarcoma

(fibrosarcoma) would appear to be the least malignant form, but the evidence regarding

the degi’ee of malignancy of the chondromyxosarcoma is conflicting. The extraperiosteal

’'arcomata, in my experience, are also tumors of varying malignancy. Of the thirty-two

“=63 in my own collection, six appear in the group of five-year smwivals, and seven in the

't of short survivals (under two years) . All authorities are agreed that the outlook in

the Ewing tumor remains grave, despite its readj’^ response to ii’radiation. In this connec-

tion, it is important to note that thirteen of the fourteen five-year survivors with this

tumor, recorded in the Registiy report of 1939, had been treated by sm’gical measures.

These general facts must determine the advice we offer to our patients. But the problem

of survival in bone sarcoma still remains an enigma, for so far there has been a failure to

elicit any significant evidence concerning the influence of various factors which might

possibly have a causal relation to this phenomenon.

I have recentty submitted my own modest collection of 161 sarcomata to a scrutiny

on the lines laid down bj* Bradley Coley and Pool in their most valuable paper, published

in 1940. An anatysis of my series re-

veals twenty-three five-j’^ear survi-

vals. Twenty-two of these patients,

treated b}' radical operations, are

fully proven cases, but in one—a pel-

vic sarcoma—^proof from biopsj'' was

not forthcoming.

The main details are presented in

Table I.

Among these twenty-three cases

were two patients with pelvic sar-

comata treated by hindquarter am-

putation
;
the surtyval period for one

was five years, and the other is still

* Vrom a paper read before the Annual hleeting of The American Orthopaedic Association, Hot

Springs, Virginia, June 29, 1946.

6

Fig. 1-A
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living (in June 1946) after seven years (Figs. 1-A, 1-B, and 1-C). Eight patients in this

series survived more than ten years —five of these had osteogenic sarcomata; two, extra-

periosteal sarcomata; and one, a sarcoma arising in a chondroma (Figs. 2-A and 2-B).
I have attempted, without success, to set this series of twenty-three long survivals

over against a series of short survivals (under two years) of which my collection affords

forty-nine examples, in the hope of discovering a clue to the mystery of long survival. In

this comparison, I have found that no significance can be accorded to such factors as age,

sex, site of tumor, and the duration of symptoms before the tumor was eradicated, the

latter being a point notoriously difficult to estimate accurately. (See Figures 3-A, 3-B,

4-A, and 4-B.) Fort3’’-one patients in this series of short survivals died within a year after

operative treatment. At first sight this is a melancholic picture, but when we consider

that, in 128 accessible tumors treated by radical operative procedures, seventy-nine

patients have survived over two years, and twenty-three of these five years or more, the

current view, that the general outlook in bone sarcomata as a whole is by no means tragic,

is reinforced.

I have been unable to use the Coley toxins sj’^stematically, either following operation

or in inoperable tumors, so that I have had no opportunity of estimating the part they

may play in determining survival.

I believe that in the combination of radical operation and some sj’^stemic agent, still

to be discovered, lies the hope of potential cure or still longer survival in this field of

malignant disease. Irradiation is admitted^ a useless form of therapy in the tumors of

Fig 2-A Fig 2-B

R r a boy eleven years old, had osteogenic saicoma of the uppei end of the left tibia

Shows condition of knee before operation.
. , • tt, + iir>npr

Roentgenogiam showing large osteolytic tumor involving the ^letaphysis of the upper

tibia Amputation was performed January 13, 1936, and a legular course of Coley s tovins

end of t*im Amy
yeais immediately following amputation The boy is living and well.

Ten yTats after operation.



SURVIVAL IN UONB SAHCOMA 9

F1G. 3-A Fig. 3-B

H. R., male, aged twent3'-tliroe j’cars, had osteogenic sarcoma of the upper end of the left fibula.

Fig. 3-A: Shows amputated specimen.
_ j mi. j* j

Fig. 3'B: Photomiciogiaph showing that the predominant cell was oat-shaped. The man died

eighteen months after amputation.

F1G. 4-A Fig. 4-B

K. P., male, aged twenty-four jmars, had osteogenic sarcoma of the upper end of the right fibula,

fimputated specimen (compare with Fig. 3-A)

.

fig. 4-B: Pliotomiciograph shows that the predominant cell was oat-shaped. Patient is living,
tail teen j'ears after amputation.

te osteogenic-sarcoma group. My own slender experience with the Ewing tumor has not
convinced me that irradiation before amputation, or irradiation alone in accessible tumors,
las any material influence on the ultimate fate of the victims of this most lethal type of
bone tumor.
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TABLE I

Long Survivals (5 Years and Over)

T3^pe of Lesion

Osteogenic sarcoma
Sclerosing

Osteolj'^tic

Chondrom5'xosarcoma

Sarcoma in abnormal bones
Fibrocj’’stic disease
Benign osteochondroma
Paget’s disease

Extraperiosteal sarcoma
Ewing’s tumor

No. of Cases Totals

0

5

8 13

1

3
0 4

6

0

Age of Patient at
First Treatment No. of Cases Survii'al Periods No. of Cases

Under 20 4 5 to 9 years 15
20 to 40 12 10 to 15 years 6
40 and over 7 16 to 20 3mars 2

TABLE II

Short Survia'als (Under 2 Years)

Type of Lesion No. of Cases Totals

Osteogenic sarcoma
L Sclerosing 4
1 Osteobdic 23

® Chondromyxosai coma 6 33

Sarcoma in abnormal bones
Paget’s disease 4

Osteochondroma 1 5

Extraperiosteal sarcoma
Ewing’s tumor

7
4

CONCLUSIONS

A study of a series of twenty-three five-year surAuvals when compared with a series

of forty-nine short survivals (under two years) fails to reveal any outstanding or signifi-

cant factors Avhich would determine the prognosis in the sarcomata of bone.
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JJISCUSSION

Dr. D. B. PiiEMifaiiR, Chicago, Ii.iinois, U lias been most sliinululing and inlcicsling lo hem tins

piesentatiou of Piofcb'-oi Platl’s on bone •-mconia, based on Ins caiefiil study of a Imge seues of cases.

He spoke of the appc.nance of bone smcoina in bones tlial lia\e been tlic .sites of pievioua changes.

The occuueiicc of sncoina in bone (liat has been iiiitaled might be ineiitioned. At the last meeting of

this Association, Di. C. Ilowaid Ilalchci icpoited (luce stieh cases. Because of the known appeaianco

of saicoma in the skeleton aflei ladnim ingestion, it is ceil.nn that nianuim and plutonium ingestion

will piedispose to the same dcielopmcnt.

About benign giant-cell tumois, 1 think we me (lUilc geiieially agieed in this countiy that suigery

is the best foim of tieatment Pcisonally, 1 feel that amputalioii should laiely be done, but instead the

mole extreme cases should be tieated bj’ icsectioii and bone liaiisiilantatiou.

As to the classilication of bone s.iicomal.i, 1 feel that in some cases one should bo satisfied with the

diagnosis of saicoma and not bo too much concciiied about the type of cell or tissue. Uowevci, a

knowledge of the cell oi tissue type is desiiable, since it may aid in the selection of the best form of

tieatment lii leccnt jeais, the use of huge blood ti.inslusions has made it possible to do very extensne

lesection of bone and soft pints at the tuinoi site and to lepmi the skeletal defect by massive bone

tianspiantation, without iisk of ciiculatoiy f.iiluie, and penicillin cuts down the iisk of infection and

loss ol the bone giaft. This makes excision jiossiblc m ceilmn favoiable cases and avoids amputation.

Fiom the standpoint of classification, the most f.uoiablc types of saicoma for resection, in oui small

seues of cases, have been chondiosaicoma and saicoma aiising in giant-cell tumoi of bone. Four chondio-

saicomata liaie been excised and leplaccd by bone giafts, and the patients ha\e survived fiom si.x to

twelve 3'eais without icgioiial iccuiiencc oi metastases. Likewise, two jiatients with sarcomata develop-

ing in benign giant-cell tumois have icmaincd well, one foi five and one-half, and one for eleven years

lollowing excision Osteogenic saicomata, legaidless of how small tliej' weie at the time of opeiation,

have shown a niaiked tendenej' to make dist.int metastases and to lecui locally. However, in one

classical case of saicoma of the uppei humouis which was ossifj'ing maikedlj', the patient is well, with

a uselul arm, ten yeais aftei lesection and tianspiantation. One patient with a Ewing’s saicoma of the

femui, tieated fiist by x-iay and then bj' icscction of sev'enteen centiinctcis of the shaft, is alive and
free from recuiience six and onc-fouith yeais aftei opeiation.

Dr Philip D. Wilson, New' York, N. Y.. It is a gieat pleasuie to be allowed to say something in

the discussion of Mr. Haiiy Platt’s papei. He is an old fiiend and one whom 1 have seen work and
one whose woik I vmlue veij' liighl}'. I have been veiy intciested m his lemaiks, which I think are very
infoimative and stimulating. I think his fiist point on the lesponsibility of the oithopaedic surgeon in
the care of these cases is a \ eij' impoitant one I am veiy happj' I can make this lemaik with Dr. D. B.
Phemister, who is a piofessoi both of suigeij' and of oithopaedic suigeiy, preceding me in the discussion.
I know m sev'eral centers theie aie excellent geneial suigeons caring foi these patients and doing excel-
lent work, j'et I know of one instance not long ago where a Biodie’s abscess was explored under the
diagnosis of neoplasm It needed exploration, it was the proper thing to do; but it seems to me a
knowledge of bone lesions or bone pathologj' is necessaiy and ccitamly will help m the diagnosis. I
think these men who are treating tumois will invariably have brought to their clinics a great many
cases of non-neoplastic conditions, which lepresent bone anomalies of various tj'pes which require
orthopaedic care They will undeitake then treatment, when they are not properly qualified for it
am sure there are many of these lesions wheie local excision could be done, if the surgeon had a

knowledge of the proper reconstruction of bone.
lam veiy interested in Professoi Platt’s classification, which is simple and desirable I would like

0 tease him a little bit by asking him where he has put osteoid osteoma. I have had the experience of
^ ng it may still be classified as a bone tumor. Again, he excludes from his classification eosinophilic
granuloma which, of course, is a questionable diagnosis. We have the feeling that that is a part of a
more generalized disease, involving the lipoid and cholesterol metabolism; but I would like to hear
lofessor Platt’s comment on that lesion.

for th^
abnormal bone, I am inclined to feel that the percentage given of five to ten per cent^r e development of osteogenic sarcoma is high. I am sure we are seeing a great many more cases of

Paaet’^ d
than formerly, this is largely due to bettei diagnosis. The localized forms, in which

aie^m^t
confined to a single bone or one or two bones, as well as the generalized cases,

disease K I
experience of seeing osteogemc saicoma m only two cases of Paget’s

osteovem^
lapidly fatal Another condition m which we may see the development of

excision of
chondrodystrophy. I have such a patient, who has survived ten years following

girl with rad
^ femui. I had the unfortunate experience of having to take care of a

1 would
poisoning fiom emanations in the expired an, m whom osteogenic sarcoma developed

comment on tfio To
whether he has had experience or wdiether he cares to make anyament on the ACS. serum of the Russians
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Dr. Henry W. Metording, Rochester, Minnesota: Professor Platt, it has been a great pleasure
to be here and take part in the discussion of your paper. We, as surgeons, are interested in the distinc-
tion between benign and malignant lesions of bone, and it is good to see that you have microscopic
proof to verify your findings. In 1938 I read a paper on osteogenic sarcoma before the American Medical
Association, in which the degree of malignancy of this lesion was graded; I had hoped that you had
graded the degree of malignancy in your cases, for knowledge of the grade is of vital importance in

deciding the type of treatment to be used. In our series of cases, the patient who had a Grade 1 osteo-
genic sarcoma did not undergo amputation ; whereas among those patients who had Grade 3 or Grade 4
osteogenic sarcomata, the percentage of amputations was high.

The responsibility of early diagnosis rests primarily with the physician who examines the patient

first. Later, wdien the surgeon is called in consultation, he must first exclude pulmonary metastasis, by
means of roentgenographic examination of the thorax. We make roentgenograms of the thorax routinely

in our cases of tumors of bone. Time and time again I have seen a 3mung patient with a tumor that was
not very large ; 3mt I have been amazed by the fact that metastasis to the lungs had already developed.

That occurred twice in one day this summer.

Having obtained the histor3’’, roentgenographic and laboratory observations, the physician never-

theless ma3^ not be able to determine the character of the lesion until he has had resort to biopsy. I am
pleased to learn that Professor Platt believes in biopsy. I do not beheve in needle biops3’-, but prefer

that which includes incision, inspection of the tumor, and removal of an adequate portion of tissue for

pathological examination. I believe, furthermore, that even though microscopic section and examination

and roentgenographic examination are emplo3'ed, the true character of the lesion may not be known
until metastasis or death has occurred. This is a well-lmown fact. A careful follow-up record in the study

of these cases of tumors of bone is veiy important. These studies are very important; for instance, this

summer a patient whom I had first seen man3’- 3mars previously came in to see me. Twent3^-six 3’^ears

ago, I had performed for this patient amputation of a leg, through the lower part of the femur, because

of a malignant tumor. This man never had ansivered an3' of m3' inquiries concerning his state of health,

and I had decided that he was not living. He came back because he had become alarmed at the possi-

bility of recurrence; but we were most pleased to find that his fears were groundless.

I
In closing, Professor Platt, I will sa3’- again that it is a veiy great pleasure to have you with us, and

I appreciate the opportunity of taking part in the discussion of your paper.

Mr. Harry Platt, Manchester, England (closing) : About Dr. Phemister’s and Dr. Wilson’s re-

marks that metastases preclude the carr3'ing out of resection rather than amputation, I have had little

experience with this heroic attack, but I feel now that this line of attack is wiser.

About the eosinophilic tumor that belongs to bone-marrow disease, I do not know.

I do not know anything about the Russian serum. I have heard of it, but I do not know it.

Dr. Meyerding spoke about the grading of malignant tumors, which for many years, in other tumors,

has been one of the great achievements of the Patholog3'- Department of the Mayo Clinic. We have not

followed that anal3'sis at all, so I cannot sa3' veiy much about it. I am glad he is a wholehearted

supporter of real biopsy and real exposure and removal of tissue. I wish to emphasize once again that

I think these tumors, benign and malignant, belong to the skeletal tissues and are, therefore, part of the

essential field of modern orthopaedics. Their careful documentation in various clinics is all-important.

It is just as important as, if not more important than, stud3’ made in an impersonal wa3' on material

collected in the literature.

the journal of bone and joint surgebt



COI^IPLICATTONS OF J'lUC'ITTRFS OF TIIIO NECK OF THE FEMUR

BY II. B. BOYD, AND I. I.. OKOllOE, M.P., MEMPHIS, TENNESSEE

From the Willix C. CnmpheU Clinic, Memphis

It is the purpose of this paper to present the complications and end rc.sults of internal

fixation of 300 acute central fractures of the neck of the femur treated by the Staff of the

Campbell Clinic. Smith-Petersen nails were used in 285 of the hips and Knowles pins

were used in fifteen. All impacted fractures and fractures of the base of the neck were

excluded, only PauweP-- type II and III fractures being included. In all cases, one year or

longer has elapsed since operation.

This is not a consecutive series; none of the patients treated at John Gaston (City)

Hospital were included, and most of those treated in the other hospitals in the city were

not included, for the reason that roentgenograms on file at the Clinic were inadequate.

From a practical standpoint, however, the series may be considered a consecutive one, as

the cases were unselected and were consecutive with respect to available and adequate

clinical and roentgenographic data. The study includes the early cases on record at the

Clinic and was arbitrarily limited to 300 hips, that statistics might be based on an even

number.

These 300 fractures of the femoral neck were observed in 294 patients. In none of the

six bilateral fractures were both hips injured simultaneously; the shortest period between

fractures of the two hips was one year and eight months, and the longest two years and
nine months.

TABLE I

MonTALITY

Age Number
of Hips

1

Deaths

Number Per Cent.

1

Under 40 15 0 0
40-59 50 1 0 0
60-69 92 5 5.4
70-79 87 9

1
10.3

80-96 56 14 25.0

Total 300 28 9.3
1

number of deaths, twenty-one occurred in less than four weeks after operation, and
even, withm four weeks to six months after operation.

The mortalitj'- for the various age groups is indicated in Table I, the overall mortality
eing 9.3 per cent. There were twenty-eight deaths following the 300 operations, twenty-

one of these having occurred within the first four weeks. This is believed to represent the
lue operative mortality. Seven deaths were recorded from four weeks to six months after
opeiation. Undoubtedly, a number of other patients, whom we wmre unable to trace, died
^itnn the period of four wmeks to six months after operation. It is of interest that all of
le patients who died were over sixty years of age, and that the mortality increased with

age imtil it reached 25 per cent, in the ninth and tenth decades.

0 r '

postoperative follow-up of 131 of the fractures was less than one year (Table II)

.

fa' r
cent, of the patients treated at the Clinic came from out of the city, and several

c 01s—such as advanced age, poor general health, insufficient funds, or difficulty in se-

June 2^^9461''^
Annual Meeting of The American Orthopaedic Association, Hot Springs, Virginia,
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TABLE II

Follo-vv-Up Study

Period
Hips

Number Per Cent.

Less than 1 j’ear 131 43.7
1-2 years 98 32.7
Oi'er 2 years 43 14 3
Deaths 28 9.3

Totals 300 100.0

curing transportation during gas-rationing—prevented follow-up visits. An additional 141
were followed for one year or longer. Bony union took place in 86.5 per cent, of the hips,

the bone failing to unite in the remaining 13.5 per cent. (Table III). The majority of

patients should be followed for at least a year to determine with certainty whether or not

bony union has occurred. In patients of the younger age groups, definite bony union may
be seen in the roentgenograms within less than a year. Frequently, however, mistakes will

be made if one endeavors to determine the presence of union under one year. Occasionally,

bony union develops after a year, especially in patients with gradual absorption of the

neck of the femur. In ten of the nineteen ununited fractures, poor reduction, inadequate

mechanical fixation, premature removal of the nail, or a combination of these factors

contributed to the non-unions. The remaining nine ununited fractures followed satisfactory

reductions and nailings; two of these were in patients with Paget’s disease involving the

1 ead and neck of the femur.

The number of hips showing aseptic necrosis and degenerative arthritic changes

following bony union is shown in Table IV. It is a coincidence that the percentage of

aseptic necrosis and arthritic changes in the hip each happens to be 33.6 per cent., as all

patients with aseptic necrosis did not have arthritic changes, whereas a few without aseptic

necrosis did have arthritic changes. The majority of those with aseptic necrosis had

arthritic changes; and, in all probability, all patients with aseptic necrosis will eventually

have arthritic changes if weight-bearing is carried out over an appreciable length of time.

The incidence of aseptic necrosis seen in patients studied one to two 5'-ears is essentially

the same as that observed in patients studied two years or longer. In the latter group,

aseptic necrosis was apparent in the roentgenograms before the elapse of two years. This

indicates that aseptic necrosis can be detected within one to two years following the

fracture.

The arthritic changes in the head of the femur were classified as 1, 2, 3, and 4, plus.

Slight roughening of the head of the femur was rated as 1 plus. A slight depression and

irregularity of the head of the femur were classified as 2 plus. IModerate but definite

collapse of the head was classified as 3 plus, while marked collapse of the head was classi-

TABLE III

Boxy Uxion

Age

Union Non-Union

No. of Hips Per Cent. No. of Hips Per Cent.

Under 40

40-59
60-69
70-79

80 and older

11

31
42
23
15

100.0

91.0

78.0

92.0

55.0

0
3

12
2
2

0

9.0

22.0

8.0

12.0

Totals
122 86.5 19 13.5

THE JOURNAL OF BONE AND JOINT SURGERY
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Fig. 1-A Fig. 1-B

Fig. 1-A: Acute fiaclure of the neck of the fcmui in a woman, foi ty-.scven years of age.

Fig. 1-B; Appeal ance of the bone approximately six months following inscition of the Smith
Petersen nail.

Fig. 1-C

lateral roentgenograms, taken nine and a half years following the insertion
iiie bmith-Petersen nail. The patient has an excellent result, without aseptic necrosis or arthritic

langes. ’ ^
ot the Smith-Petersen nail. The patient
changes.

e as 4 plus. In Table IV, 1 and 2 plus arthritic changes have been listed as moderate;
4 plus arthritic changes haA'^e been listed as severe. Clinically, the patients with

rao eiate arthi-itic changes have been able to tolerate the pain in the hip for a restricted
'OL. 29, NO. I. JANUAHY 1947
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TABLE IV

Changes Following Union

Arthritic Changes
Follow-Up No. of

^ Aseptic Necrosis 1

1

Period Hips Moderate Severe

Number Per Cent. Number Per Cent. Number Per Cent.

1-2 j’ears 84 28
j

33.3 13 15 5 6
!

7.1
Over 2 5’^ears 38 13 34 2 10 26 3 12 316

Totals 122 41
1

336 23 190
1

18
1

14.6

TABLE V
End Results

Per Cent.

Mortalit5’^ 9.3

Poor End Result
Non-union 13 5
Severe arthritic changes 14 6 28.1

Fair End Result
Moderate arthritic changes 19.0

Good End Result 43 6

Total . 100.0

nt of weight-bearing, while those with severe artliritic changes have been definitely

icapped because of pain, especiallj’- on weight-bearing.

The final results in this series of patients is shown in Table V. According to these

findings, the average fracture of the neck of the femur has the following prognosis: mor-

talit5'-, 9.3 per cent.; poor end result, 28.1 jier cent., including ununited fractures, and severe

arthritic changes; a fair end result, 19 per cent.; and a good end result, 43.6 per cent.

The data presented in this paper indicate that the total number of patients with severe

arthritic changes in the hip will exceed the number with non-union. In the future, the

problem of rehabilitation and treatment of the patients with severe degenerative arthritic

changes may become more imjiortant than the treatment of those with ununited fractures.
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THE PATHOLOGY OF UNUNITED FRACTURES OF THE
NECK OF THE FEMUR

BY MARY S. SIIEKMAK, M.l)., AXB 1). B. I’lIEMIRTEB, M.D., CHICAGO, ILLINOIS

Frow Ihc Dcprntwriil nj Siiracr;/, I’titvrrslly of Chiragn

That the incidence of non-union is relatively high in intracapsular fractures of the

neck of the femur has long been known. IMorc recently, considerable woi’k has been done

towards explaining the reasons for this and its prevention. It is now generally agreed that

the principal factors which determine whether union or non-union will occur arc the extent

of original injury, the presence or absence of impaction, the accuracy of reduction and

fixation, the survival or death of the femoral head, and the fact that no peripheral callus

is laid down because of the absence of a cambium layer on the femoral neck. Although

it is well known that union can occur in the presence of aseptic necrosis of the head, still

non-union is much more frequent when the head dies than when it survives’^. It has also

become clear that whether or not union occurs, pathological changes in the hip joint are

rare if the head is alive, but are constant and may become severe if the femoral head is

dead^'*. This paper will attempt a review of the pathological changes seen, following un-

united fractures of the femoral neek.

Whether the femoral head survives the fracture depends, of course, on how much the

blood supply was damaged; there is no evidence that death occurs long after the fracture

when union has failed. There have been several excellent papers which have described in

detail the circulation of the femoral neck and hcad'*'"’®-^". It is known that the chief supply

to the head is through branches of the anterior and posterior circumflex vessels which lie

in that portion of the capsule which is reflected up on the neck, and more especially in the

posterior portion of the capsule. If this portion remains intact, as it not infrequently does,

there may be sufficient circulation to preserve the head. There is also a Amriable amount
of the head which is supplied through the ligamentum teres^’®-^®. The distribution of these
two sets of vessels and the amount of collateral circulation between them vary greatly, but
the extent of bone supplied by end arteries may be great. If the neck and capsule are
completely severed and the round ligament carries no blood supply, the entire proximal
fragment dies.

If the head has remained viable, but non-union nevertheless supervenes, the principal
additional change is disuse atrophy which is approximately equal in both fragments. The
head never collapses, and it is especially noteworthy that the articular cartilage is

well preserved. Operative procedures designed to produce union are usually successful,
and degenerative arthritis does not follow. This is illustrated by the following three cases'.

Case 1 . M. D., a woman, forty-five years old, whose fracture, treated by skeletal traction and an
a uction cast, showed no evidence of union four months later (Fig. 1-A). The roentgenograms revealed

unifoim atrophy of both proximal and distal fragments, wdiich is indicative of survival of the head,

h
entire ununited area was fixed with a tibial peg. A biopsy specimen removed from the

was
^ living bone. Five months after the operation, healing was well established, and the patient

cartM^^

ulatory. Two years later, the patient was still asymptomatic, and the roentgenogram showed a
1 age space of normal width and no evidence of degenerative changes in the joint (Fig. 1-B).

intra'^"'^^ f ^
^ sixty, was admitted to the Hospital on February 18, 1922, with an ununited

wvealed"^ -T
neck of the femur of fifteen months’ duration. A roentgenogram (Fig. 2-A)

marked
°f the neck fragments and regional reduction in bone density which was equallym re acetabulum, the head, and the distal fragment of the femur. The shadow of the cartilage

June 29
,^

1940
*^^^ Annual Meeting of The American Orthopaedic Association, Hot Springs, Virginia,

I Tins work was aided by a grant from the Douglas Smith Foundation.
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Fig. 1-A Fig. 1-B

Fig. 1-A; Case 1. Rocnlgcnogram four months after fracture of left femoral neck shows no evi-
dence of healing. Note unifoim atrophy of both fragments, indicating a viable head.

Fig. 1-B: Roentgenogram two years after insertion of tibial peg shows union. The head and the
rest of the femur are stdl of the same densitj', and there is no evidence of degeneiative changes in
the joint.

space of the joint was of nonnal width. The uniform reduction of density is indicative of a living atrophic

bead. A Whitman icconstruction operation rc.sulted in good function (Fig. 2-B).

There was a pseudarthrosis between the two shortened fragments of the femoral neck, which were

connected in jilaces by fibrous adho'-ions. The articular cartilage of the c.vcised head was smooth and

normal in external aiijiearance. Only a small part of the proximal fragment of the neck lemained, and its

eroded fracture surface was covered by fibrous callus bordering on the false joint space. Section of the

head showed the articular cartilage to be of normal thickness. There was marked osteoporosis of the

bone, which was rich in fattj' marrow.

A microscopic section was made of the lower half of the head, extending from the fovea to the fractun

line (Fig. 2-C), which disclosed interesting changes: The tiabeciilae were greatly reduced in size am

number, but their cells were alive. The bony cortex, nhich was covered by an almost normal-appearint

articular cartilage, was greatl}’ thinned (Fig. 2-D). The surfaces of the trabeculae were in many place:

Fig. 2-A

Fig. 2-A: (^aso 2. Fifteen-month-old ununited fracture of neck. Equal degree of atiophy in o

fracinenls is indicative of a living head.

Fig. 2-B: Thice years after Whitman reconstruction operation.

THU JOURNAL OF BONE AND JOINT SUnGEKI
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covered by mononuclear cells, some of wliicli were si,ill actively engaged in the process of smooth absorp-

tion of bone. The marrow consi.sicd principally of fat, and (here was only a small amount of hemopoietic

tissue. Near (he base of the head (here w.ms an island, about one-half centimeter in diameter, of fdorous

marrow. New bone had been laid down between the tvabemdae along t.he fracture line to form a cortex

which was covered by fibrous tis.sue with an irregular .synovial lining along the .surfaces of the false joint.

There was no callus along (he external .surface of the cortex of the node.

The diagnosis was ununited fracture with )i.‘;eudar(hrosis of (ho nock of the femur and atrophy of

disuse of the viable head.

Fig. 2-C

Section through the head from fracture line to fovea, showing atrophic bone with fatty marrow
except for fibrous area (a) and lining of pseudarthrosis (b).

Fig. 2-D

bnuS^reTlive^T;® very little. Bony cortex and trabecula
e. Living fatty and hemopoietic marrow is evident.

'’OL. 29
. No. 1, .TANUARY 1347
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Case 3. A. P., a •woman, aged sixt3'-three jmars, entered tlie Hospital -with an ununited intracapsular
fracture of the neck of the right femur of three and one-half months’ standing, which had resulted from
slight trauma ser'en months after x-raj* treatments for carcinoma of the cervix uteri. Two roentgeno-
graphic examinations during this period showed the hips to be normal.

A roentgenogram at the time of admission (Fig. 3-A) revealed osteoporosis of the bones of the right
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Fig. 3-D

Specimen from edge of neck fragment at fracture margin, showing necrotic trabeculae (a),

fibrous and bony callus (6) of the distal fragment, and trabeculae undergoing creeping replacement
by new bone (c)

.

hip region, a subcapital fracture of the neck with upward displacement of the lower fragment, and equality

of density of the bone of the two fragments. The opposite hip, which had also been irradiated, showed
generalized osteoporosis.

At operation the fracture was reduced and held in position by thi’ee heavy threaded wires, and four

small grafts of non-irradiated bone were onlaid across the fracture line. Biopsy specimens were taken
horn the head and from the ends of the neck fragments.

Prompt union followed, and the function of the hip was restored to almost normal. A roentgenogram
made two years after operation (Fig. 3-B) showed the density of the pelvis, head, and distal fragments
to be about equal and even throughout; the contour of the head and the outlines of the joint space had
been preserved, all of which indicates that massive necrosis of tlie head was not produced either by the

irradiation or by the fracture of the neck.
The bone from the head was spongy, and free bleeding occurred during its removal. Microscopically

the trabeculae were greatly reduced in size, but the lacunae contained cells, the great majority of which
stained normally (Fig. 3-C) . The cancellous spaces were filled with fat, throughout which were scattered
small islands of hemopoietic cells. The overlying articular cartilage w'as alive, but showed some fibro-
cartilage proliferation along the surface at the margin of the head.

Microscopic sections of the specimens removed from the end of the neck fragments revealed a
mixture of dead and living trabeculae with fibrous and bony callus in the cancellous spaces and along
tie fracture surfaces (Fig. 3-D). It is impossible to state how much of the necrosis was due to the
radiation and how much to the fracture.

The diagnosis was post-irradiation osteoporosis of the bones of the hip, and ununited fracture of the
neck of the femur with survival of the head.

Badgley and Bowman have studied twenty-eight fractures of the neck of the femur,
occuiriiig after irradiation for malignancy located in the female genitalia. Of these frac-
uies, eighteen were not treated, seven of which failed to unite. The authors cite the report
'OL. 29, NO. 1, JANU.WT 104T
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of six cases, including three of tlieir own, in which microscopic studies were made of the
bone of the femoral neck. There was marked osteoporosis, increase in volume of fatty
marrow, and sclerosis of the nutrient vessels. The fibrous callus was avascular, and there
was a lack of osteogenesis throughout the fractm’e area. Minute fragments of dead bone
were found in the fibrous tissue. From roentgenogi’aphic appearances, it was believed that
the head alwaj^s remained alive’-.

Mien the fracture disrupts the blood supply to such an e.xtent that the head dies,

atrophy of disuse cannot occur. Therefore, as atrophy of the still-living surrounding bone
proceeds and the head remains unaltered, it stands out as relatively more dense. Gradually

there is invasion of the necrotic portion by blood vessels and connective tissue, which gi’ow

in from the edges of the capsule and from the ligamentum teres. This tissue slowty absorbs

the old dead trabeculae and at tlie same time lays down cancellous new bone on other

surfaces and in between the trabeculae. This new bone is less dense than the old bone, and

thus the roentgenogram of a partially transformed head shows variable density. The

necrotic articular cartilage does not show much change until a blood supply reaches it,

either from the revascularized underhung bone or from areas such as the fovea. Then it is

gradual!}* replaced, either by an imperfect fibrocartilage surface or even in spots by bone.

The degenerative changes which follow way be few, if replacement has occurred rapid!}'

and there has been relatively little breakdown. If the reparative process is slow, the

articular cartilage wears awa}', and pieces ma}' break off to form loose bodies. The joint

surfaces are badly damaged, and the subsequent osteo-arthritis may be severe,

C.-^SE 4. W. H., a farmer, fiftj’-seven .rears old, had been an invalid for three 3-ears and bedridden

for si.x months because of am3-otrophic lateral sclerosis. A fall resulted in a fracture of the neck of the

Ifeft femur which, to facilitate nursing care, was fi.xed with three threaded steel wires. Ten da3-s later,

- the fracture was twent.v-two da.vs old, the patient expired of pneumonia, and the upper end of the

femur was obtained at postmortem c.xamination.

The fracture through the medial portion of the neck was complete, and the two fragments were

connected onb' b}- tlie anterior inferior capsule, which remained intact. On section, the bone of the head

Fig. 4-A

Pnep 4 Roentgenogram of slice of specimen

.h?,SVeal?”troW ol the fetal traEmenl tha»

of the femoral head, which is ntecrotic.

Fig. 4-B

Microscopic section of specimen shows greato

atinphj of the distal fragment. The lettem mark

the areas from which the photomicrographs wer

taken.
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appealed whitish-yellow, cxcciit for ii small area around tiic fovea wliich was pink. 'Die roentgenogram

of the slice cut from both fragmeuhs (Fig. d-A) showed so much old atrophy of disuse througliout that

it was dillicult to be sure of the nutritional stale of the head, but its trabeculae ap])cart'd perhaps a little

denser than those of the neck and trochanteric region.s of the distal fragment. In the large microscopic

section, this greater amount of atrophy in the distal fragment was more obvious (Fig. 4-B).

On microscopic c.\amiualion, the articular cartilage was found to be intact, except along the joint

surface where it showed degeneratii-c changes. The lacunae were not scon, the nuclei were shrunken and

pyknotic, and the staining was blotchy (Fig. d-C). The trabeculae of the head were entirely necrotic,

e.\cept for a small zone around the foi'oa. In this area the osteocytes were clearly scon, and the normal

marrow elements were preserved. In the necrotic portion immediately adjacent to the fovea (Fig. 4-D),

creeping replacement of dead marrow and trabeculae had already^ begun, and new bone was being laid

down. Elsewhere there remained no normal marrow, and many of the spaces were tilled with amorphous

necrotic debris. In places where the vessels remained intact, there was a different pictinc. The vessels

themselves were markedly engorged. The fat cells had survived, and occupying the spaces between them

and the swollen vessels there were great numbers of huge pale macrophages, many of which appeared

vacuolated or foamy (Fig. 4-E).

The tract of one wire, which was included in the section, was lined with a very r-ascular fibrous

tissue. There was active membranous ossification in this fibrous tissue and rapidly advancing replace-

ment of the dead trabeculae in the walls (Fig. 4-F). The same osteogenic activity was seen in the lower

portion of the head, next to the fracture line. The blood supply must have been preserved by, or re-

established from, the imtoru capsule of this region.

C.\SE 5. R. S., male, aged fifty-seven years, entered the Hospital two days after injury, with an

impacted subcapital fracture of the right femoral nock (Fig. 5-A). The limb was immobilized in a plaster

spica for two months. A roentgenogram at the end of that time showed healing of the fracture with no

apparent density differences between head and distal fragment. The patient walked on crutches until

six and one-half months after injury, when a roentgenogram (Fig. 5-B) revealed unaltered density of

the head and blotchy shadows of reduced density', proximal to the fracture line in the neck, suggestive of

death of the pro.\imal fragment with creeping invasion and replacement by less dense new bone. Tliere

was relatively little pain or restriction of motion in the hip. Thereafter, the patient walked with a cane,

and one year following injury' had only a small amount of weakness and discomfort in the hip. A roent-

genogram at that time showed changes similar to those seen in Figure 5-B, and the patient resumed work
as a painter. Seventeen months after injury he returned, stating that the hip had recently become
more painful.

A roentgenogram (Fig. 5-C) showed a broad zone of blotchy' density across the subcapital portion
of the neck. There was a slight depression of the cortex of the top of the head where it receives the
weight from the acetabulum. The small undepressed area of the head lateral to the superior acetabular
margin was irregularly' reduced in density', suggesting replacement by new bone. This slight depression
of the unaltered W'eight-bearing portion was indicative of beginning collapse of the untransformed
portion of a necrotic head.

The hip steadily grew worse and a roentgenogram nineteen months after injury (Fig. 5-D) showed
an irregular fracture line along the base of the head with definite downward slipping of the head and
increased density' in the neck distal to the new fracture line.

A diagnosis was made of a pathological fracture at the junction of the dead and the transformed
living portions of the head and neck.

At operation the head and medial portion of the neck in the region of the old healed fracture were
resected, and tibial-bone transplantation for fusion of the hip was carried out.

,,
roentgenogram and microscopic section of a mid-sagittal slice of the specimen (Fig. 5-E),

e me of the recent pathological fracture was clearly seen. The trabeculae of the head fragment W'ere
even m density and appeared unaltered. Microscopically, the structures proximal to the new fracture line
coMiste of old dead bone and articular cartilage, except below the fovea where both articular cartilage

bon
been invaded by blood vessels from the round ligament and replaced by cancellous new

ten a
fracture line, the structure consisted almost entirely of living bone, which had

fracture that interrupted the blood supply of the proximal fragment and had grown

ni-rvn
dead bone, except for portions of the heavier trabeculae that were still in the

process of being replaced.
fpi _

*

n^-ine h
“'acture line passed through the zone of invasion and replacement of the dead bone by

vadedbo^’
™ photomicrograph made through its lower one-third (Fig. 5-F). The unin-

and of
consisted of trabeculae that were unaltered, e.xcept that their cells were gone,

consisted nf
outline of the fat cells preserved. The tissue along the invading front (6)

little absoruHnr^^ .r®
replaced the dead marrow, but had produced

bon, and in
deeper layer, the trabeculae showed evidence of absorp-

e p aces, of replacement by spongy new bone. It was in this weakened zone that the
'on. 29, KO. 1
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fracture had occurred. Distal to the fracture, the trabeculae had been Iaigel3" replaced bj'- Indng bone
and the marrow consisted of fat, fibrous tissue, and hemopoietic elements. The fracture line was fillec

with fibrous callus and numerous small fragments of broken trabecidae. There was newly formed bom
in some of the callus, and lacunar absorption of the fragments of trabeculae, as seen in Figure 5-G.

Pathological fracture through the junction of the dead and living bone from prolonged

weight-bearing is common in aseptic necrosis of the head from any cause-. However, it is

rare to see almost the entire head sheared off as is the case here. This is because the upper

portion is the last to be replaced; and, by the time it has been weakened by invasion, the

Fig. 5-A; Case 5. Recent impacted subcapilal fiacturc of the neck of the femur.

Fig. 5-B- Six and one-half months after mjuiy. Fiacturc united. The unchanged density of the

head and the blotchy icduction m density of the nec-h pioximal to the fiacture site suggest death

of the proximal fiagment and beginning ci coping loplaccment of dead bone l\v new bone.

Fig. 5-C
Fig. 5-D

JL’AU. O-V-/
^ . f

Fig 5-C' Seventeen months aftei* fractuie. Beginning depression of the v eight beaiino p

S or iovosion
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lower portion has already become

strong enough to withstand weight-

bearing. Therefore, usually only the

upper part of the head breaks olY

and collapses. However, delayed

union or non-union between the

dead and living portions is the

rule®'^^ and in time the collapsed

dead bone of the top of the head

may even be absoi'bcd and replaced

bv fibrous tissue instead of bone.

C.\SE 6. W. G.. a man of fiffy-six,

had injured the left hip ndiile bowling

two years before his adniis''ion. lie had
I

enough pain to keep him in bed for ten
^

weeks, at which time a roentgenogram

sho\^ed a fracture of the left femoral Roentgenogram (left) and stained section (right) of slice

1 j 1 c.. 1 of the excised head and part of the neck, showing recent
ck. The fiacture was reduced and fixed

pf,t},o]ogic!iI fracture betireen distal transformed and pro.xi-
Mith three Steinmann pins. These were ,)ial necrotic portions,
lemoved seven weeks later, and the pa-

tient even leturned to work, although he had constant pain and moved with difficulty. A roentgenogram

made two and one-half }'ears after injuiy showed non-union of the fracture (Fig. 6-A). The femoral

head appeared denser than the surrounding bone and there were I'er}' few areas of decreased density,

which indicates little replacement. The necrotic femoral head and two well-developed loose bodies were
removed and a hip fusion was performed with a tibial graft. The fusion was clinically solid nine months
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Fjg. 5-G

The fracture line (X 150). sliovring fibrous callus tnth newly formed bone (a) and lacunar
absorjition of fraclTired necrotic trabeculae (b).

I

after operation. A t^botograph of the excised head shows the marked degeneration of the articular sur-

r faces (Fig 6-B).

A roentgenogram of a sagittal slice of the head demonstrates the great difference in density in

dmereni .are.a« (Fig. 6-C). and the reason for this is seen clearly in the section (Fig. 6-0). The upper

Treight-be.anng portion of dead bone shows no tendency towards revascularization. Tlie articular

cartilage and all the trabeculae are necrotic, .and the marrow spaces are filled with .an amorphous, pink-

staining debn- (Ftg 6-E). At the upper edge, this debn-. m which appear nodules of filing fibrocartilage,

sevenal of which surround bits of dead bone, has separated the articular cartilage from the bone below.

The central portion of the head, which corresponds to the ''cystlike” are.as seen on the roentgenogr.ain

of the slice, exliibits. in addition to necrotic cartilage .and trabeculae, marrow spaces which are entirely

filled by a dense mature fibrous tissue. This tissue is quite inactive and in most regions there is an

absolute lack of osteoblasts .and osteoclasts, showing that repair has come to a standstill (Fig. 6-F).

However, in the region of the fot ea and also at the fracture edges, where weight-bearing is not a dis-

couraging factor and where blood vessels are abundant, there is evident osteogenic actiiaty and creeping

substitution has begun (Fig. 6-G). Figure 6-H shows a section of one of tlie osteocartilaginous loose

bodies-

Case 7. J- G.. a seventy-year-old man, had been an inmate of the count?' poor farm for two years

before he died of bronchopneumonia There w.as no record as to the clinical condition of the right hip.

At postmortem examination an uniinited fracture of the right femor.al neck was found, and the entire hip

joint was removed.

Altliough there w.as no evidence of union of the fracture frasments. the head was firml.v bound both
,

to the remnants of the neck and to the acetabuhim by dense fibrous adhesions. On the cut surface of

the sliced specimen there w.as noted a larce .are.a of hone in the mesial portion of the femoral head

bordering on the superior articu].ar cortex. This bone w.as white, and its trabeculae were much heavier

than those of the surrounding portions, from which it was sep.arated by a narrow strip of pearh-gra?^

fibrous rissue. In the porous bone immediately surrounding this area, there was a brownish zone (h

marked vascularity. A roentgenogram of tlie slice showed complete absorption of the neck with marke

sclerosis of the surfaces bordering on the ununited fracture line (Fig. 7-A). There was severe degenera-

tion of the joint surfaces, and the roentgenographic changes are indicative of the partial replacement o

a necrotic head. Substitution had proceeded up from the fracture line .and inferiorly along the capsu ar

attachments, so that a portion of dense bone had been surrounded by bone of reduced densit?' an w.a-

clearl.v outlined, A separate little island of replaced bone could be seen in th^region of the ol ove .

The same areas can be identified grossly on the lai^e nucroscopie section (Fig. 7-B).

ttTTT' TO'TTS'V'AT OF' TOTN'T
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Microscopically tlicse areas were eomiiosed of Irnboculac wliicli liacl been iilinosL completely replaced

by spongy living bone, except for a few pcisisling ceiilral cores of necrotic bone. Normal fatty marrow

was present. Within (he dense portion both bone and mat row were completely necrotic, and there was

no evidence of replacement (Fig. 7-C). Tlie boundary between living .and dead bone was clearly marked

by a narrow zone where den.«e collagenous fd)rous tissue filled (he marrow siiaccs, but whore there was

absolutely no osteogenic activity. In many places, where advancement of the iiroce.ss had apparently

come to a halt, there was calcification in (he fibrous (is.suc. Immediately beneath the fibrous tissue was

vascular living marrow at the edge of the advancing

The articular cartilage overlying (lie dead cen-

tial portion of the head was necrotic, except where a

thin l.ayer of fibrocartilage had grown over the sur-

face. Over the foveal area of living bone the carti-

lage, though imperfect, had been revitalized. From
the edges of this island, blood vc.s«ols had extended

into the adjacent dead tissue and along them calcifi-

cation and even ossification within the necrotic arti-

cular cartilage were taking place (Fig. 7-E). On both

sides of the dead portion of the head, where replace-

ment had proceeded right up to the cortex, the arti-

cular cartilage appeared to be living (Fig. 7-F).

On the acetabular side of the joint the changes

were .also spectacular. There was nowhere any nor-

mal articular surface. At both edges there was very

imperfect fibrocartilage formed over bony spurs

which grew’ over the old surface. Remnants of the

original articular cartilage could be seen four or five

millimeters back in the bone. There was no trace of
the original bony articular cortex. Such marked
changes in the articular surface of the acetabulum
were commonly seen in old cases of ununited frac-

tures of the fem9ral neck with death of the head’"’”.

It is noteworthy that degenerative arth-

ritis is regularly present in long-standing
cases of necrosis of the head with non-union,

replacement zone (Fig. 7-D).

Fig. 6-A

Case 6. Two and one-half years after fracture

of the left femoral neck. The head is denser
than the rest of the femur. The small area of
decreased density at the lower edge indicates

replacement.

Fig. 6-CFig. 6-B

V-^i^°.^°Srapli of the excised femoral head shows marked degeneration of tin

Fie
^ places has been worn completely away,

invaded'bv
^°®^*'S5^°6ram of a slice of the head shows replacing new spongj' bone (a

cartilncp
tissue (b), and uninvaded dead bone and marrow covered by nec

b \c). iUe separation of the cartilage at the top is an artefact.

'Ob. 29, KO. 1, J.^NU.\RY 1047
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it is rarclj’- as severe as in old cases of necrosis of tlic liead with bony union. When

n'c is non-union of the fracture, there is usually no collapse of a necrotic head; but, if

e fracture unites in the presence of a dead head and weight is borne, collapse of the

artially replaced head is to be expected.

The treatment of ununited fracture of the neck with death of the head by open reduc-

tion and fixation of the fragments may be followed by bony union. Under favorable

circumstances, the head may be invaded and replaced by new bone, and the articular

cartilage may be either replaced by fibrocartilage or rejuvenated by early reestablishment

of an underlying living bone. In this event, a good functional result is obtained, although

it may be followed some years later by degenerative aithrilis.

In a previously reported casc^- of non-union of two months’ standing with death of

the head, bony union followed fixation with a Smith-Petci'scn nail. The head was gradually

invaded and replaced, but not before a small portion of the top had collapsed (Fig. 8-A)

.

Function of the hip returned to normal, except for slight limitation of flexion, and has

remained so for thirtecir and a half years. A recent roentgenogram (Fig. 8-B) shows
almost complete reconstitution of the head. The general density is the same as that of the

surrounding bone, except for a few persisting areas of radiolucency in the superolateral

Fig. 6-F

There^is
at center of head, completely surrounded by dense inactive fibrous tissue,no sign of new bone being formed.

0^ ^>^0 l.JVXUARY 1047



Fig. 6-G

Lower edge of head, showing man}'- osteoclasts absoibing dead bone, while osteoblasts are

laying down new lionc on other surfaces.

FiG.e-H
• • • t

Microscopic section of one of the loose bodies removed from the hip joint.

the journal of bone ANI) joint surge



UNUNITEI) rilACTUHRS OF THE NECK OF THE FEMUR

Fig.

7-A

Fig.

7-B

Case

7.

Boentgenogram

of

a

slice

of

the

hip

joint

shows

ununited

fracture

Microscopic

section
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hip

joint,

showing

the

same
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as

with
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margins,

complete

absorption

of
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femoral

neck,

the

dense

Fig.

7-A.
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refer

to
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center
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the
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head

surrounded
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gross
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joint

surfaces.
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Fig 7-D

Zone of transfoi motion with new vascula. living manow in

is dead bone and inactive fibi ous tissue, in n Inch ai e several ai eas of calcification tal

poilion The contour of the head is slightly irregular and, although

as Vide as that of the other hip, there is beginning sclerosis and ° the

Uie acetabular side of the hip. Of interest is the presence of marked sclerosis

opposite sacro-iliac joint.
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That a good functional refill, la‘^(ing for many yoal‘^, may be obtained in ease of a

similar fvactine of longer standing and m older iieisons is illustrated by another previously

icpoitcd case’-, recently rcstudied.

A woman, fifty-two ycai^ old. li.id an imiimlod fi.idiiio of ten monilis’ slandiiiK and a locntgono-

giain (Fig 9-A) showed nonnal e\en densly of the iippci jioition of tlic lioad, wliilc the dcn-ity of the

Fig 7-E

maiiow at surface of dense center of head The old necrotic articular

takin'cT'^ninnX
invaded by vessels fiom the foAeal area, and calcification and ossification are

b liace along them The surface is oieigiown with a new- layei of Ining fibiocartilage

'Ot 29 NO 1 J^NU^RY 1947
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Fig. 7-F

Section from lower margin of head, where replacement is complete, shows living bone and
marrow with revitalized articular cartilage.

'

Fig S a

Fig. 8-A: Case S. One year after fi.vation of a fracture of the femoral neck, with non-union after

THE JOURNAL OF BONE AND JOINT SURGERI
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Fig S-A: (.conlinucd) (wo inoiidis. 'J'liorc lins Ix'cn pnrliiil rci)liiccniciil of (lie necrotic liead witli

collapse of a small portion of nninvfuled 1)0110 at (lie lop.
_

Fie.S-B; Tliirtcon ami onc-lialf years afli'i' operation, lliere is complete repljiccment of tlic neao.

The ioint space is \)roservefi, lint the contour of the head is irregular and there is beginning

(iegoncrative arlliritis.

Fig. 9-A Fig. 9-B

Fig. 9-A: Case 9. Fracture in a woman, fiftj'-lwo years old. Roentgenogram taken ten months
after fracture, showing death of femoral liead with absorption and extensive replacement of its

lower portion by new bone of low density.
Fig. 9-B: Ten and one-half mouths after operation, showing extensive replacement of head.

lower portion was greatly reduced and irregular.

This was evidence of death of the head, and ab-

sorption and replacement of the lower portion bj'

less dense spong}' new bone. The fracture was
openly reduced and fixed by two tibial bone grafts

and three threaded wires. Healing occurred
promptly with excellent return of function which
has been maintained up to the present, seven
and one-half years later. The wires were removed
after eight months. The roentgenograhic appear-
ance is shown ten months afterward (Fig. 9-B),
and seven and one-half years afterward (Fig. 9-C)

.

There was a high degree of replacement of the
Upper portion of the head after ten months, “and
complete replacement without degenerative ar-
thritis or collapse of the head after seven and
one-half years (Pig. 9-C). The drilling of the
Upper portion of the head for bone-grafting may
lai'e hastened the invasion and replacement of the
dead bone by new bone The possibility of im- Dead bone of head has been completely replaced

Pairment of function from the development of de-
’’ are minimal,

generative arthritis in the future is not precluded.

Fig. 9-C

SUMMARY AND CONCLUSIONS

1- The incidence of non-union is disproportionately high in intracapsular fractures
^ of the femur, except in those which are either impacted or treated by accurate
re uction and internal fixation. Factors entering into this high incidence are the frequent
occurrence of death of the head fragment from disruption of the blood vessels of the neck,
isp aceinent of fragment ends, poor immobilization, and failure of peripheral callus for-ma .ion due to absence of a cambium layer on the neck.

as tl^'t
fragment survives, it undergoes atrophy of disuse of the same degree

la of the distal fragment, and the two fragments are of equal density on the roent-
'Ut.. 29 X’o. 1 JAXU.AUY 1947
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genogram. Treatment to produce union is usually successful and extensive degenerative
changes in the joint do not occur.

3. If the blood supply to the proximal fragment is severed, so that the head dies,
disuse atrophy cannot occur, and the head eventually appears on the roentgenogram to be
more dense than the surrounding atrophic, living bone. As slow invasion of the head by
vascular fibrous tissue occurs, with absorption of the necrotic bone and replacement by
cancellous new bone, the roentgenogram shows areas of reduced density.

4. The necrotic articular cartilage i-eniains relatively unaltered until a blood supply
reaches it, when it is replaced either by an imperfect type of fibrocartilage or in part
by bone.

5. Transformation of a dead head takes place first at the margins of the fracture and
at the fovea, and the advancing replacement zone is the weakest part of the bone. Patho-
logical fracture between the dead and living portions may result in collapse and delayed
union or non-union.

6. If union has occurred, either primarily or as the result of surgical intervention in

the presence of a dead head, and if weight-bearing is begun before replacement is complete,

the head will probably collapse, and degenerative clianges will be severe on both sides of

the joint. If the head is adcquatelj'^ protected, it may be transformed without any collapse;

the degenerative changes in the joint are minimal; and a good functional result is obtained.
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COMPLICATIONS OF OLD FRACTURES OF THE NECK OF TIIE FEMUR

RESULTS OF TREATMENT BY VITALLIUM-MOLD ARTIIROPLASTY^'

BY M. N. SMlTII-rnTEHREX, M.n.. CAHBOLE B. LARSON, M.D., AND OTTO E. AUFRANC, M.D.,

BOSTON, MASSACHUSETTS, AND \V. ALEXANDER LAW, F.R.C.S., LONDON, ENGLAND^

INTRODUCTION

A^italliinn-niolcl arthroplasty has been performed in forty-two eases, presenting com-

plications of femoral-neck fractures, dui'ing the past seven and one-half years. This is a

small series, and some of the eases reported fall into the class of “early” rather than “end”

results. Our statistics, therefore, may change for better or for worse, as the years go by.

It is fair to say that the study of results up to the present time is encouraging.

OPERATIVE PROCEDURES

I\Iold arthroplasty consists in first creating a joint as nearly perfect, mechanically, as

possible, and then guiding nature’s repair bj"- means of an inert mold, and carefully super-

vised exercises. As applied to the treatment of complications of fractures of the femoral

neck, the procedure is varied, according to the extent of the degenerative changes; four

different types of mold arthroplasty have resulted:

1. Routine mold arthroplasty;

2. ]\'Iodified Whitman reconstruction operation

;

3. j\Iodificd Colonna reconstruction operation;

4. Intertrochanteric mold arthroplasty.

Fig, 1-A

Moderate aseptic necrosis of the femoral head in a woman, forty-eight years old. She

f j
®^*t)capital fracture two years previously and had been treated traction for five

nain An partial weight-bearing on crutches for si.x months. Full weight-bearing without

letiirn t
sixteen months after the accident; at this time onset of pain necessitated

iniuiv
Vitalhum-mold arthroplasty was performed two years and three months after

atioiiliv u-nQ
favorable case, because the aseptic necrosis was moderate; bone and muscle

though linfited function'*
*'*'* complete immobilization and to persistent, even

June 29 ,'
1940*'^'^* Annual Meeting of The American Orthopaedic Association, Hot Springs, Virginia,

t On Roekofellor Travelling Fellowship.
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;in

, ;;s-’

Fig. 1-B

one-half years after the arthroplastj', the report of the examination read: “IValks with-

115 degreed; intS ropion, 10° to °5 SS”fAtmSrotki?™lf"%°o“de^TO^

femoralTead'*”^^'^"^^*^^
^*^*^*'*^ loutine mold arthroplasty for limited aseptic necrosis of the

Fig. 2-

a

Fig. 2-B

Fig. 2-A: A.T. Extensive aseptic necrosis of femonil head and proximal neck in a woman, fifty-

seven years old. She had sustained a fracture of the distal neck four and one-half ji-ears previous!}^

and had been treated by nailing. (This roentgenogram is instructive, because it illustrates the

surgeon’s habit of outlining the contemplatecl operative pi ocedure.) In this case the acetabulum was

not deepened as planned, because, after lemoval of the area of necrosis, the neck was found to be

too short. Grafts from the iliac crest were introduced into the distal neck and the vitallium mold

was applied. The greater trochanter was not transplanted; this was an error in judgment on the

part of the surgeon. Six months later the trochanter had to be transplanted, because the recon-

structed neck had rotated out of the mold.

Fig 2-B: Eoentgenogram taken eighteen months after arthroplasty, twelve months after trans-

nlantation of the gieater trochanter. Motions possible at this time: extension, complete; n^-ion,

qn de'^rees; abduction, 15 degrees; internal rotation, 15 degrees; external rotation, 10 degrees. There

was shortening of five-eighths of an inch. The patient is leading a fairlj;- normal life; swimming and

horcsback-riding are included in her activities. She uses a cane for outdoor walking.

This case illustrates the result of a modified Whitman arthroplasty for extensive necrosis of the

femoral iicad and proximal neck.

THP TDTIRX'AT OP SOMF AVU TfilVT CTTPCFBA’
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1. Koiitinc iMolfJ Arihrophisfu

In aseptic necrosis of (he liead, limited in extent and occurring after union of the

fractured neck, a routine mold arthroplasty is indicated. This consists in reshaping the

head and acetabulum so as to create two congruous surfaces; the “crater” representing

the necrotic area is excised down to bleed-

ing bone and, in cases of relaiivcly ex-

tensive necrosis, the resulting defect is

packed with cancellous bone from the

iliac crest. The reshaped femoral head

is covered with a vitallium mold and re-

placed in the acetabulum (Figs. 1-A and

1-B).

2. Modified Whitvia7i Reconstruction

Operation

When the aseptic necrosis involves

most of the head, even though the frac-

ture has united, a modified AVhitman re-

construction is indicated. This consists

in discarding the “dead head”, reshaping
Fig. 3-

a

Fig. 3-B Fig. 3-C
Fig. 3-A: H. P. Complete absorption of right femoral head and neck with marked atrophy of

pelvis and shaft of femur in a woman, fifty-eight years old. She had sustained a fracture of the
uistal neck four and one-half years previously and had been treated by internal fixation by rneans

1 two pins. Non-union had become evident six months later and the pins had been rem'oved.
tt^ntgenogiam illustrates a local condition most unfavorable for arthrodesis or osteotomy,

anri
^ One month after a “modified Colonna”. The acetabulum has been deepened medially

veU °u ^^nterior wall excised. The anterior third of the ilium has been osteotomized

int
nnd its outer cortex displaced laterally ; bone grafts from the iliac crest have been packed

ann
osteotomy gap. In the abducted position, the trochanter, covered by the mold, is in

6X 015 a
floor of the acetabulum. The superior aspect of the lesser trochanter has been

®0Q to prevent impingement against the inferior acetabulum.

adfliio’f^'^'
years after mold arthroplasty. With the hip in neutral, as far as abduction and

ihum^h
^ concerned, the trochanter rests against the lateral acetabulum ; the osteotomy of the

head ^ o^'^ended the superior acetabular border, thereby preventing subluxation of the femoral

Possihlo
joint line, indicative of a cartilaginous lining of the acetabulum. Motions

30 deerpps
extension, complete; flexion, 110 degrees; abduction, 25 degrees; adduction,

inches
rotation, 25 degrees; external rotation, 25 degrees. There was shortening of two

outdoor household duties; climbs stairs normally; uses a cane only forMdiKing; does not complain of pain.
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Fig. 5-A Fig. 5-B

Fig. 5-A: A. M., a woman. fifiy-M.x yoais old. Sliowinp a “(load lu'ad’’, ab'ori)(ion of Iho neck, and
advanced atrophy of tlic groator trocd'iantor. Tlior(> i.-- aFo ovidonco of Irono ah.‘-orption around the

nail ancl tlic screw. In thi.'- ca.-o, al.-o, the local condition is unfavorable for o.stcotomj' or arthrode.sis.

Fig. 5-B: Roentgenogram taken twenty-seven montli.-' after a modified Colonna with osteotomy
of the greater trochanter, as dcscrilted in the text. Report of e.xamination : Walk.s without a cane
with some limp; no limp when walking with a cane. Fxtem'ion, comi)lelc; flexion, 115 degrees;
abduction, 25 degree.s; adduction. 15 degrees: internal rotation. 35 degrees; external rotation, 35
degrees. Patient does not comiilain of pain. She returned to her work ns a mir.-e, one }'oar after

the ai throplasty.

duced into the acetabulum. The divided muscles arc transplanted to the infratrochanteric

region and fastened by heavy silk sutures or by wire.

Since the greater trochanter inclines lalcrallj'- from the axis of the femoral shaft, it

has a tendency to be displaced outward from the acctalmlum when the extremity is

brought into a position of adduction. To prevent subluxation, the anterior inferior ilium
IS osteotoinized A^erticallj’-, and its outer cortex is siirung laterally; bone grafts from the
ihac crest are introduced into the cleft, maintaining the outer cortex in its lateral displace-
ment. By this procedure the acetabulum is deepened bj’’ half an inch or so. The lesser

tiochanter sometimes comes into dangerous proximity to the anterior lip of the cotyloid
notch, particularlj'^ with the extremity in adduction. Subperiosteal excision of tJie lesser

tiochanter, with the distal expansion of the iliopsoas attachment left intact, prevents such
mechanical impingement.

4. Intertrochanteric Mold Arthroplasty

In one patient, extensive degenerative changes occurred under the mold, allowing the
mo to settle down and come to rest on both trochanters. The greater trochanter became

per^
it could not be shaped and used for a "modified Colonna”. After sub-

to

excision of the lesser trochanter, the intertrochanteric region was reconstructed

teri
atrophied greater trochanter was transplanted to the infratrochan-

bi,f
looks good on paper, as far as mobility is concerned,

eut Bre shortening is deplorable (Figs. 4-A, 4-B, and 4-C)

.

This F
greater trochanter was similarly affected, but for a different reason,

naineir^^ tl

^ changes were due to extravagant use of the means of internal fixation,—

'cas su(jc^

^^’ce-flanged nail accompanied by a screw. In this case the initial arthroplasty

described^^^TI^
opinion of the authors, it is a better procedure than that just

“mkethe"
already performed a partial osteotomy, and it -was simple to

similar to°^
complete after removal of the screw. The osteotomy performed was

0 a gieen-stick fracture. The remnant of the atrophied greater trochanter \vas
'OL. 29, ICO. jAMuARr 1947
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(Ill'll folded downward and medially, and (ranslixed in fliis position by means of a small
(liree-flani:ed nail. As lias already been pointed oiil, (lie greater trochanter deidates
laterally from (he axis of (he femoral .‘^haft,; this iirocedure, (hen, has a favorable effect
on (he trochanter, as regards its stability in (he acetabulum (Figs. y-A and .5-B).

i'A'.\F,r.\'rto.\' fiF 'rtiM of oi’Khativi': i’hoc1':dures
t!.\SKI) ox I’Ktt.soXAt, KXAAUXA'l'IOXS AXO I.XTFKVIFWS

nv .Mil. w. Ai.r.XAxniai law, or tiii: i.oxnox iiosiutal, i.oxdox, lxolaxd

d'he i>o>lopera(ive re.^ulls in this .‘series of forty-two cases have been asse.«scd by clini-

cal and roeiitgi'iiographie examinations, and an effort has been made to fletermine the A’alue

oi (he operation both to the patient and to the .surgemi.

/\n'ii in the hip region is minimal in the majority of (he cases, aiul in both early and
late postojieratii-e ph;ises. It is usually present in the form of stiffness on rising from a

low chair or at the eomiii'-neemeiit of activity. Jhdients fio not comjilain of low-back
.-ymptoms. nor of stiff knees.

Mat ion

Mahilitii of the hip joint has to b<- considered in conjunction with stability. The
greater range of rotation and abdiieiinti seen in cases treatefi by the "modified Colonna’’

procedure is as'oeiated with diminished muscle levi-rage.

File range of motion aehiei'ed !iy the four operative jiroeedtiri'S is shown in d’ahle 1.

. 'I'liis motion is im'ariably smooth ami painless, and in no case is there any suggestion

i)f (eleseoping. It is to be iioleil that the great majority of these patients have a sufficiently

'exteiisivi' range of hip-joint motion to ettalde them to dress theinselvc.s, including putting

on their own .-hoes and slocking-, to .-it in comfort in low chair.- for protracted periods, and

to perform their ordinary housohohl and^sociid activities.

(iait is dependent Upon the smooth motion in the hip joint, the st.'ibility of the mold

in the dei'peiied acftaladum. .'Uid mu-clc power. Strict training anil re-education with

particular attention to hei-l-toe movrineiit is ino-t imjiortant; and, even in the jiresence of

limb shortening, it is advi-able not to r:iise tlie heel on the side of the arthroplasty, so that

the patient will stretch out the hip and avoid an adductor gait in (he early stages. Later,

when a good joint i- becoming apiiareiit. eonipeii-ation for shortening is allowable and

helps to overcome any Trendelenburg appearance. Cnle.-s the gluteal muscles are very

weak and the patient is without the support of .a cane, n ’J'rendelenburg gait is rarely

obviou.s in these jialieiits, even when climbing stairs.

}^i^:iilH<d (li'fnnilil!/ is more likely to occur, if the oiieration is complicated by sepsis or

failure to maintain the relationship betwi'cn tlie mold and tlie acetalmlum. In t lie majority

of (he cases, muscle (raining and exercises prevent any jiersistent joint deformity, and some

degree of shortening alum? is lu-eseiit. 'J’liis is minimal in the patients treated by the routine

mold arthroplasty and is more marked after the ('olonna and intertrochanteric arthro-

plasty procedures.

Kvalvatian oj Trcalnicnt

The value of (his operative treatment to the patient is obvious, without exception,

the vounger iiatients have returned to their work, including such occupations as mining

,.„„ineer department-store manager, stenogrniiiior, and nurse. The more elderly have been

able to perform their social activities, and use a cane for distance walking.

In Table IJ (he functional value of the hip joint, from the point of vieu of both «ie

r I n 1 tlw. mireeon is iirescnted; it is to be noted (hat in two cases the hip is satis

...
cos, the „ns„«sf«ctor,v

Tim JOUIiXAI, OF DONK .\ND JOIXT SURGBni
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Hip Function
(Degrees)

Flexion greater tlian 100

between SO and 100

between 60 and 80

less than 60

Rotation greater than 25

between 15 and 25

less than 15

Abduction-adduction
greater than 25
between 15 and 25
less than 15

Flexion deformity 10 to 25
less than 10

External rotation deformity
10 to 20 .

less than 10

Unrecorded

Average postoperative shortening

'j'ABLF. I

Hanoi', or Motion

Mold Modified
Arthroplasty M’hitnian

CO Coses ft Cases

.5 2

7 1

2

7 1

5 2

5 2

6 1

5 3

G 1

1 3

3

1

3

Jin. 1 in.

Modified Intertiochantcric

Colonna Arthropla.sty

1 Cases 3 Cases

2
3 2
7

7
4 2

3

5 2

3

3

3
3 1

2
1

11 in. 2 in.

to both patient and surgeon; and in one case, the patient is dissatisfied, although clinically

and roentgenographically the result appears to be good. In the remaining thirty-two cases,

both patient and surgeon arc satisfied.

Three patients lead a wheel-chair existence due to the following associated illnesses:

Parkinson’s disease; senility and septic arthritis following nailing; and senility and psycho-

pathic disturbance, with no postoperative rehabilitation for three years.

Complications

Postoperative complications occurred in thirteen patients, five of whom had been
operated upon for aseptic necrosis and eight for non-union. They may be grouped as
follows:

1. Superficial sepsis with subsequent sinus formation in the iliofemoral scar occurred
in two cases. In one case, the infection resolved, but a psychopathic disturbance interfered
with postoperative rehabilitation, and the result of the arthroplasty was unsatisfactory.
n the second case, revision of the mold arthroplasty and a modified Colonna procedure
pioduced a satisfactory result with resolution of the infection.

2. Deep sepsis was seen in four instances, in two of which the infection originally
complicated the nailing operation. One patient died of septicaemia, four months after

iioplasty. In two patients the mold was displaced from the acetabulum; and revision,
a lough unsuccessful in overcoming the subluxation or an occasionally draining sinus,

table II

Follow-Up Study
Progressive Improvement and Estimation of Value of Operation

Ayerage
Flexion Range

(Degrees)

Condition of Hip

Years after
Operatioa

Satisfactory
|

(Vo. of Coses)
Unsatisfactory
(No. of Cases)

\

To Patient To Surgeon To Patient To Surgeon

0-2

2-

3

3-

4

4-

5

Over 5

79
81
85
90
86

16
3
3
6
6

17
2
3

5
5

1

1

1

1

2
1

1

2
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onahlcd salisfju-lory funrlion (o he ropiincd. In flic fourth case, scpfic arthritis had com-
plicafcd flic original iiailiiijj; operation, aiul a modified Cyoloiina jiroccdiirc was done one
inoiifh after drainap;e of tlie joint and removal of the femoral head. Good healinf? and
fmietion were olifaiiiefl; hut, fifteen months later, a blow on the hip rc.«ulted in formation
of a .«mall .‘-iiius. and revi.«ion may he neees.sary if osteitis under the mold and .sinus

formation persist.

8. Suhluxation of the mold upward and lateridly oeeurred in three eases, two of which
were treateil hy the moilitied Coloima revision and the third hy a moflified Whitman
proei'diire.

‘I. .'VvasiMilar necrosis within the mold w.as seen in one case, and w.as apparent clini-

cally hy persistent pain and muscle sp;ism. Jh-vision hy intertrochanteric arthroplasty

produced a pmd result.

0. I lyperl rophie ehanaes at the mold margin and a fle.vion-adducf ion-e.vfernal-rota-

lioii fielormity was seen in two c.'ises. one of which was successfully treaterl hy a niodifiecl

Whitman procedure; in the other i-ase the mold was removed at another hospital, and a

siihl roi’hanteric fracture, incurred during the operation, was used as an osteotomy. A .satis-

f.'ictory residt is reported, hut is not inciudetl iti this series.

(). rpward clisplacemeiil of the greater troehanler. in spite of fixation to the femoral

sluifl liy a t hree-tianged nail, oi'etirred in one e;i.‘-e. Weak ahihielor niuseies resulted, hut

the p.'itient walked well with a cane.

7. Pulmonary emholi.-ni did not oeeiir in this series of cases, and jirophylactic femoral-

vein ligation wjis used in only one e.ase.

1/

There W!is no operative mortality, (hie patient died from si'pticai'iiiia, the source of

hieh was septic arthritis of the hip following arthroplasty four months previously; and

two other ptiiienis dieil of carcinoma of the stomach tuirl eoromiry occlusion, respectively,

two and oiii'-h.'tlf tmd one and one-(|uart<'r years tifter openition. It is to he noted that

litdf of the p.'ilieiits in this series of e.-ises were sixty years of age or more.

SIM.M.MIV AM) ro.VCI.fSION.s

d'he results of treatment of complications of fractures of the neck ot the femur hy

vitallium-niold tirthroplasty have Iieeii studied in forty-two cases. Five cases have been

chosen as instructive an<l illustrating the various o])erative procedures eiiijiloyed.

liased upon this stitdy the following conelu.-^ions have heeii drawn:

1. lOighty-five per cent, of the results are satisftictory to both patient and surgeon.

2. 'I'liere is jirogressive improvement in function for three to four years after opera-

tion. 'I'he comlition then becomes stationary. (The postojierative jieriod in the oldest case

is now seven and one-luilf years.)

,'5. In this series of patients, low-hack .•symptoms, still knees, or iiostural difficnUics

were not present.

Nmia DiMae-iim of tliis paiicr and of the t.llicr i)apcrs of this .Sympo.-inin will aiipcar in the Apnl

i.—nc of Till' Jnurnul.
Editor

Tllfi JOUItN.M- OF HONE .VNH JOINT S I



PAINFUL, NON-RUPPURATIVU, I.OCALIZED SCLEROSIS OF TIIE LONG BONES

B^rni A Rki-out of Two Cases

BY WILUAM MACKENZIE, F.B.C.S. (eDIN.) NEWCASTLE-UPON-TYNE, ENGLAND

Sclerosing non-suiipura(ive osicoinyelilis was dcscrihed l)y Garre in 1891, before tlie

roentgen ray was available, .lafl’e and Lichtenstein ]){)int out that the translated title of

Garre’s original paper is “Some Unusual Exi)rc.ssion.s of Acute Infectious Osteomyelitis”,

and that one form of Ihe.sc “expressions” is sclerosing non-suppurative osteomyelitis,

which was described as setting in acutely with pyrexia, local pain, and swelling. The

temperature and .soft-tissue swelling subsided; osseous enlargement persisted. This con-

dition has received rocntgenographic recognition, and is thus described by Gray:

“Sekroxino Osicnwyvh'ds (Garro) : Tliis is a rare form of clironic non-.siiiipurati\'o osfoo-

myelitis, gcnorally affocling eillicr tlic (ihia or femur- in older cliildrcn and young adults. It is

charactcri.'-'cd by a diffu.co area of sclerosis near the end of the dia])liysi.s, gradually fading off

into normal bone.

“The cortex is increased in extent and density, and tbc medullary cavity may be .«o much
encroached upon as to bo unrecogni.«able. A somewhat fusiform expansion of the .shaft results,

and there is generally .slight roughening of the .surface. The X-ray api^earance.s in the early

stages of some forms of Ewings tumour may be indistingui.shable from this condition,”

Some French writers describe cases of osteomyelitis which arc “chronic from the be-

ginning” {chronique d'embUc). Laffaillc records two such cases a forme 'pseudo-himorale.

Fosdick Jones recorded the case of a boy whose tibia was affected. In June 1918, the

patient sustained an injury to the shin, which left no residual discomfort. In December
1918, he sustained another injury at the same site; pain and pyrexia immediatelj’- followed

and persisted. The boy lost weight and strength. When seen in July 1919, he was thin and
anaemic; his temperature was 101 degrees; and the tibia showed a well-marked forward
bulge. At operation no pus was found, and cultures from the medullary canal were sterile.

l^Iicroscopically, there were no foci of round-cell infiltration. Fosdick Jones discussed the
differential diagnosis from syphilitic periostitis, sarcoma, and “the rare type of solid

osteitis fibrosa encountered in the long bones”. He considered this type of bone sclerosis
to be rare; and, in the discussion which followed the presentation of this case, Ryerson
stated that he had never seen a case which could be classified as Garre’s osteomyelitis.
On that occasion Sir Robert Jones instanced a case in which there had been recurrence
eighteen months after operation. On the authority of A'lauclaire, Fosdick Jones quoted
Kocher’s opinion that a considerable number of bone enlargements, diagnosed as sarcoma
mid treated with apparent success by amputation, were merely instances of sclerosing
non-suppurative osteomyelitis of the long bones.

In 1920 Bloodgood, under the heading of Pyogenic Ossifying Periostitis, discussed a
case previously diagnosed as sarcoma of the femur. The patient had refused amputation.
oodgood commented that: “A case of this kind demonstrates that some of the so-called

cuies of periosteal sarcoma after amputation, serum, x-ray or radium belong to this type
^^peiiosteal lesion”. Bloodgood subsequently recognized a resemblance between this case

emoral ossifying periostitis and the case of tibial osteosclerosis described in the com-
munication of Fosdick Jones, in view of which he concluded that his case also corresponded

^

le non-suppurative osteomyelitis of Garre. He further stated: “That I have observed
seien cases of this type since February, 1921, a period of thirteen months, is an indication

inT E
^ lesion which we must bear in mind”. Bloodgood attached the name of

in ec lous ossifying periostitis to this condition, and attributed it to metastasis fromsome focus of infection.

devs^^
i®''’iewing a series of thirty cases of Garre’s osteitis seen at the A'layo Clinic, Hen-

on s ated that seventeen patients were operated upon; of these, nine obtained relief;
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Fig. 1-B

Maj’ 193S. Three roentgenograms of varying densilics. Illustrations on the light and the left,

respective!}’, indicate the less dense central area.

one was not relieved; two had temporary relief; and five were not traced. Thirteen were
not operated upon. Of those, three wore relieved permancntlj''

;
one was relieved but had

recurrence; and nine were not traced. The surgical jirocodure adopted was either “gutter-
ing” the bone or drilling multiple holes through both cortiees. Out of the thirty cases, he
states: “In eight, either previous or subsequent to our examination, there was suppura-

, uui, lii uuiy one case a mstory oi necrosis
of bone”. Henderson states that, although on-
set may be acute and sudden, more often it is

subacute and chronic. There may be atrophy
of the limb. Tenderness is usually complained
of on deep pressure. “The course of the disease
IS chronic and long. Recurrences, even after
relief has been afforded by operation, are not
infrequent

. . In Henderson’s series, differ-
ent types would seem to have been included.

The silent foci of localized osteomyelitis,
uch are described by Phemister and which

nie delayed sequelae of acute osteomyelitis,
nie essentially different, both roentgenographi-
*^0 y and clinicalljq from sclerosing non-sup-
purative osteomyelitis.

ishner described five cases of chronic
Closing osteomyelitis. In his cases, the evi-

ence for chronic bone infection w’as relatively

^ review of this subject, Ewdng

^

5 s. t may well be that the term osteomye-

is d i

^snorner . . . While some believe it
ne 0 infectious organisms in the haversian

Fig. 1-C
April 1941. Anteroposterior and lateral views

: left femoral shaft show disappearance of fusi-
irm enlargement.
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spaces which are so attenuated in character as to cause this unusual syndrome, it is more
likel}’’ that the pathologj'’ is due to a diminution in the blood supply localljr from some
non-infectious irritant, viz. trauma.”

In 1935, Jaffe described five cases of what he regarded as a benign neoplasm arising

within the medulla in spongy bone areas. To this growth he gave the name of “osteoid-

osteoma”. In 1940 he and Lichtenstein described a further series of such cases, of which
thirteen involved the shaft cortex of long bones. The patients were adolescents or young
adults. The principal complaint was pain, and “it was this that consistently led the patients

to seek medical attention ... In no case was there a history of febrile episodes in con-

nection with the lesion.” Local heat and redness were absent.

Jaffe and Lichtenstein drew attention to two features in roentgenographic appearance

of these lesions:

1. The focus (osteoid osteoma proper) is generally indicated by an oval, relatively

“clear” area.

2. The surrounding osseous reaction incited in the adjacent bone, when long-bone

cortex is involved, results in very marked cortical thickening, which “may extend for

several inches both above and below the osteoid-osteoma proper” and may partially en-

velop the shaft of the bone.

These authors state: “It seems very clear to us that a great many cases which, in

the past, have been interpreted specifically as 'osteomyelitis with annular sequestrum’,

‘chronic bone abscess’, ‘osteomyelitis with cortical-bone abscess’, ‘sclerosing non-suppura-

tive osteomyelitis’, ‘osteomyelitis chronic from the beginning’, etc., actually belong in the

category of osteoid-osteoma.” In their cases, surgical treatment resulted in clinical cure

“with prompt and often dramatic relief of distressing pain”; there were no recurrences in

seven years.

The clinical and roentgenographic interpretation of this type of bone lesion, put for-

ward bj'- Jaffe and Lichtenstein, has been supported by Harmon, Kleinberg, Lewis, Horwitz,

and Stauffer.

Brailsford describes three cases of cortical thickening of the tibia, in which evidence

of an inflammatory origin was found on exploration of the bone. (In two cases a “bead of

pus” was discovered, and in one of these recurrence took place after operation; in the third

case a small cavity suggesting a chronic bone abscess was found, and in this case healing

was very slow.) One of his roentgenograms shows persisting tibial enlargement, four years

after surgical intervention. With regard to differentiation and acceptance of the bone

lesion designated as osteoid osteoma, Brailsford says: “Though the histological appear-

ances as illustrated and described by Jaffe and Lichtenstein lend support to their sugges-

tion that it is a benign tumour of bone, there is nothing in the radiographic appearance

which supports this diagnosis.”

The.presence of visible pus or septic cavitation—even though minute—is not char-

acteristic of the osseous lesion known as Garre’s osteitis. It would appear, therefore, that

non-suppurative sclerosis of the cortical bone, accompanied by pain, is a clinical and

pathological entity sui geiieris, for the explanation of which the associated e.\istence of a

benign neoplasm, designated “osteoid-osteoma”, has been postulated by Jaffe and Lichten-

stein, who further claim that the lesion admits of roentgenographic verification.

A completely satisfactory interpretation of the total lesion is, however, not provided

by the conception of reactive osteosclerosis in relation to a neoplastic center, such as is

described by Jaffe and Lichtenstein; these authors, indeed, admit that “why an osteoid-

osteoma should arouse a perifocal osteosclerosis is by no means clear”.

CASE REPOETS

These cases were characterized by gi-adual onset and by gradual increase of pam,

without an acute phase of illness.
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C.\sr, 1. A givl. U'u yonvs !UhI (on inon(hs of ngo, who hnd pvovionsly boon lioiilUiy und withovit

liislovy of iujuvy, w«s (u's( .'•oon on Fo!)ru!uy 25, 103S. She coiniilainod of pain in llio lof(, Icnoc and leg,

which had begun aboul thfoo monllis l)ofoi'(': rooonlly il liad l)o('n sovorc a( nigld, inlorfciing with sleep.

Ou pliysioal oxaminalion. Ilio cliild walked with .a slighi limp (lliis was said (o liave been ])rc.«enl

inteimittciitly for about .six monllis). 'I'lie femond .shaft was jialliably enlarged, and fhcic was lenderne.ss

at the level of the center of (he ('iilargement. 'Phere was .slight wasting, but no apparent affection of the

soft tissues or skin; there was no pyrexia; movements were unrestricted.

On rocntgonogrnphic examination (Fig. 1-A) the medial as])eel of the left femoral shaft .showed a

dense enlargement, which, at the mid-|ioint, iiartl.v obscured the medulla; from that lei'ol the thickening

gradually diminished, both upward and downward. The cortical thickening extended as high as the lo.sser

trochanter, but did not reach (he medial condyle of the femur. In the lateral view, the femoral .shaft

showed a deiwe fusiform enlargement ;
the !inlerior asjiect had a rough “knobbj'" contour and the

posterior aspect had a smooth “layered” appearance.

On blood examination, the leukocyte count was 95.50, with 5S per cent, polymorjihonuclear colls.

A negative '\Va.<sormann was found; after “iirovocative” injections of arsenicals, repeated Wa.ssermann

tests were negative. Potassium iodide was administered without effect. There was ^ome o.scillation of

temperature during this observation iieriod, but later (hi.s cea.sed. Aching in the limb persisted. Further

roentgenographic examination, with v.ariation of technique, di.sclosed what appeared to be a long oval

cavity within the thickened and sclerosed bone; the jire.sence of a .small sequestrum was faintly sug-

gested (Fig. 1-B).

On June 11, 1938, (he bone enlargement was explored and was deepl.v guttered. Neither pus, nor

cavity, nor evidence of seqnc.stvnm formation was found. Bacteriological examination of the bone frag-

ments was negative. Histological examination showed dense laminated bone, separated by a cellular

connective tissue without inflammatoiy cell infiltration.

The operative wound healed without inflammatory reaction. Pain in the limb ceased about forty-

eight hours after surgical intervention. Tcnderne.ss was absent a month later. The child was kept in the

hospital until the femoral enlargement was evidently subsiding. When discharged from the hospital on
March 11, 1939, she could walk and run well. There has been no recurrence of pain or disability. Roent-
genograms of the left femur were taken in 1941

;
the fusiform enlargement had disappeared, and a barely

recognizable trace of the guttering of the bone remained (Fig. 1-C). The left femoral shaft was more
massive than the right and showed a slight curvation mediahvard.

In 1940, the author saw CampbcH’s roentgenograms of Garre
comment on the condition, and noted in particular tlie negative
results of bacteriological examination of this bone lesion. The
monograph of Jaffe and Lichtenstein on osteoid osteoma also

came to notice, and as a result the symptoms, the roentgeno-
graphic picture with cortical thickening and a radiolucent area,
and the other findings in Case 1 were recalled.

In May 1945, the following case was seen.

C.^sE 2. The patient was a bo3' of fourteen j^ears wdio, for about two
months, had been complaining of aching in the shin. Tliis discomfort was
associated with a sensitive “lump” which the boj"^ attributed to a contusion
sustained two months before the onset of the pain (although he was un-
cei am which shin had been injured).

On examination, a forward bulge of the shin border was evident; there
lias no ledness of the skin nor any swelling of the soft tissues. Later there
^'as s ight firm thickening without “pittable” oedema. Tenderness, which

hmited to a small area (Fig. 2-A) . The pain and the tibial

increased. Roentgenographic examination in July

nosi
2-B') was considered to justify no more than a diag-

exan"'^
ah'onic osteitis. In September 1945, another roentgenographic

scie/'^'^*)*° j
made (Figs. 2-C and 2-C'). At that time the cortical

The ro*
mcreased; in the lateral view a radiolucent area was observed.

diaKno™*^^f
Ramage) expressed his opinion that the

special*T
osteoma was now established. Attention is drawn to a

it i<?
“clear” area in the roentgenogram,—namelj’-, that

IS nouharply outlined (so also in the previous case).

and interfered with sleep; assent to surgical
luieni was given.

eukocjte count wms 6200, with 53 per cent. poB^morpIionuclear

’s osteomyelitis, read his

Fig. 2-A

Case 2. Visible tibial swell-
ing. Area of maximum ten-
derness is marked on skin;
this site was shown roentgen-
ographicallj'^ to correspond
approximately w'ith that of
the tibial focus.
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cells. The blood sedimentation rate showed a doubtful incieasc. The Wasseimann reaction was negative
on two occasions.

On Maich 1, 1946, a thick boat-shaped block of bone was lemoved fiom the tibial enlaigement. Tlie

bone was extremeb^ hard. On the deep

surface of the exsected poition (which

was divided across), a i eddish wartlike

excrescence was obseived (Fig. 2-F).

Swabbings fiom the bone suiface laid

bale by the exsection and from the deep

surface of the exsected bone were steiile;

bone shai mgs from the “saucerized” tibia

produced a giowth of a diphtheroid or-

ganism and a coagulase-negative Staph-

ylococcus alhus (both regaided b}' the

bacteriologist as contaminants).

The wound healed quickljx Pain

ceased tw o or three da}^s after the opera-

tion. At the end of May, the boy walked
Fig 2-F

Exsected tissue.

Dense portion, low-power photomiciograph.

Low-power photomicrograph of nidus. Rec-

tangle indicates area selected for high-power

photomicrograph.

Dense portion, high-pow’ei photomiciograph.
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nonnally and .-Klmidol no ilisiil)ilil.v. 'I'hcro was hHkIiI IciidoiiK's.s on rnin i)r('SMirc .-a (lio ,silo of Uic

bone cxsri’tion. Anlcroposl prior ropidfrc’nonrains of llio lihia al llial dalp sliowcal scirroai.s .'iiicl broad-

ening; on tlio lalcral view (lie d(’(')) ('xcavalion in flip sclprosod and lliiokc-’iipd bono was evident, but

seemed less than it had been in March. Tin' wariliko pxcre.'icencp, inonlioned i)re\-ionsly, resembled the

tissue described and illusirali'd by .lalTe and I-iehlenslcin (in Iheir Case 3),

The exsccled bone was examined histologically by ('olonel W. Harvey, who reiiorted as follow.s:

“The material was in two halvc's and con.sislod of dense, hard bone. One half showed a grooved

central space, which contained a noticeable .soft ma.s.s. 'I'his jiorlion of the specimen was selected for

section. Periidierally. the section IFigs. 2-0. 2-H, 2-1, and 2-.I I .shows fibrous ti.ssue and periosteum, the

fibrous tissue being loose and vascidar and intersiier.scd with fatty tissue, while the osteogenic ])eriostciun

is of the n.sual tyjie,—cellular, fairly coin])acl, and axially layered by osteoblasts.

“Under the periosteum there is !i narrow layer of well-<iifferentialed cancellous bone, the cancelli of

which arc wide, lined by osteoblasts, and contain, not bone marrow cells, but an ocdemalous-looking

reticular-cell ti.s,sne which is probably the n.sual (ibrofalty tis.snc of the marrow. This ti.ssue is va.scular—

mainly capillary—and the ve.ssels are turgid with blood. The don.se cortical bone is succeeded by a central

focus, which is approached by loose cancellous bone. The ‘nidus’ lesion is hemorrhagic and, in the .section,

is only a comparatively small area of tissue. Ifonc here is repre.sentcd by an osteoid, trabeculate mesh-

work. The trabeculae are apparently o.s.«coinucinous (or chondromneinous), and the mucinous areas are

lined by active osteoblasts. Moreover, the interstitial matrix to this immature bone is cellular, fibro-

blastic, and fasciculate. Multinueleated osteoclast cells arc, in moderate numbers, easily recognized, but

do not suggest osteoclastoma. The histologicid appearance of matrix, bone, and cells should rather be
described as osteoclastoma-like, and as rcmini.«ccnt of the areas sometimes found in a.s.«ociation w'ith

osteitis fibrosa cystica (general and localized) and with single bone cysts. There is no microscopic indi-

cation of any inflammatory or .septic reaction. Syphilis is in no way suggested by anj-^ endarteritis,

necrosis, or plasma-cell abundance. Tubercle is, histological not in question.”

SUMMARY

A special feature of these two cases of painful non-suppurative, non-inflammatory
cortical thickening of the long hones is that the raclioluccnt area is not sharply outlined

;

in this it resembles the illustrative roentgenograms of Jaffe and Lichtenstein, and of others.

On microscopic examination, the bone focus removed in the second case resembled the
histological description given by Jaffe and Lichtenstein.

No positive opinion is expressed regarding the essential nature and cause of the bone
lesion in the two cases,

photTOrkrog^*^^*^^^^'*
acknowledgment is made to Dr. R. W. S. Harvey for the preparation of the
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THE NEWER PATHOLOGICAL AND PHYSIOLOGICAL CONCEPTS
OF ANTERIOR POLIOMYELITIS AND THEIR

CLINICAL INTERPRETATION

nV AUTHUU STKINDLEU, M.D., IOWA CITY, IOWA

It has become increasingly difneull lo coordinate the great number of observations

and studies which liavc been made on infantile paralysis, especially under the stimulus of

The National Foundation for Infantile Paralysis, Inc, The clinical side has remained

fairly well standardized for several decades; little that is essential has been added since

Lovett and Lucas and Browning elaborated the clinical pathology. The interpretation of

the clinical features of this disease, however, has been greatlj’' enhanced by the newer

studies in the fields of patholog>’ and iihysiopathologjE

PATHOLOGICAL STUDIES

In the field of patholog>% the developments have been slow and laborious. The site of

the lesion had been placed by Heine, in his later publications, as the spinal cord; but it

was Charcot and Joffroy who recognized the anterior-horn cell as the principal seat of the

^

pathological changes, even though they considered these secondary to interstitial changes.

They also described, in autopsies, changes in the anterolateral ivhite fasciculi of the cervical

and lumbar regions. From then on the anterior-horn cells held the center of interest, and
this was corroborated bj’’ many of the earlier autopsies, including those of Taylor and of

Edes. The clinician had been depending entirely upon changes in the anterior-horn cells

for his interpretation; it was on these grounds that the recession and intermission of the
disease, remarkable and perplexing as it was, had been explained. The concept of the
so-called “stunned” cell and of transitory oedema was thoroughly exploited.

That the disease is not limited to the anterior-horn cells has been known since 1908,
when Cadwalader reported interstitial changes. He held, then, that the changes which
terminate in the neuronophagia of the ganglion cells are primary. Lewis, in 1910, reported
perivascular infiltration along the vessels in the gray matter, and involvement of the lateral
and posterior horns in monkeys; he also found involvement of the white matter, the spinal-
I'oot ganglia, and the pia and arachnoid.

At the same time Sachs, who believed, as did Charcot forty years before, in primary
inteistitial and mononuclear infiltration, pointed out in his autopsies on the human that

changes were not limited to the anterior horn. He specifically called attention to
anges m the “central gra}'’ matter”, probably meaning what we now call internuncial

likewise found the posterior horns involved.

the iT
further clarified by reports of Jonnesco, wdio, in two autopsies, found

regions^
spinal ganglion involved in territories • corresponding to the paralyzed

bev
contributions -which pointed to the extension of the pathological process

involv
early as 1910, Krause, tvho still believed in the secondary

and tr^^K f
pnglion cells, described inflammatory foci in the medulla, the pons,

finding f] ^ Blanton confirmed in his fifteen autopsies the

the cort '

ganglia and pons, but in tweKe cases examined he found

logical
normal. In fact, none of the subsequent reports on patho-

as well
^ to include structures of the cord other than the anterior-horn cells,
as 0 her portions of the central nervous system outside of the cord. IVarburg, for

June 28,^946^*^ Annual Aleeting of The American Orthopaedic Association, Hot Springs, Virginia,
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Fig 1

Noimal anteiioi-hom cell (X 792) Notice laige NissI bodies distubuted thioughout the

cytoplasm, numeious cell piocesses with a few Nissl bodies in the axon, and the central

location of the nucleolus.

instance, mentioned lesions in the cord and the spinal ganglia, the medulla oblongata, the

pons, the mid-brain, and the basal ganglia, as well as the cortex and cerebellum, variously

interpreted as inflammatory, degenerative, or regenerative. As far as the relative origin

of these changes is concerned, Kornyey stated that, cranially from the medulla oblongata,

the changes were mainly mesodermal and glial, which means interstitial, while the main

seat of the parenchymal lesions remained in the anterior-horn cells. In the coitex, the

mesodermal changes are the first sign of the poliomyelitic process, and there is a definite

selectivity as far as the area and layer of the cortex are concerned, namely, the laige, oi

giant cell, fifth layer in the motor area^«. In these higher regions, the infiltration of neuro-

glial cells and lymphocytes is far more extensive than the changes in the motoi-neive ce s

themselves. -j i nin

Further evidence has been given of lesions cranially from the medulla to the micl-biai

and the basal ganglia. The report of Peters on seventeen autopsies showed that changes

occurred, not only in the anterior horn, but also in the posterior and lateral horns and in

the intermediate zone (later called the internuncial pool) and cranially m the nucleus

ruber in the substantia nigra oi the pons, and ahnost Tcguiariy in DftitersB nwi eus

The motor cells are more often and more extensively involved than the
j

but this selective affinity of the vims for cells of the motor type is not absolute Swan tounc

tire sensory ganglia-spinal as well as cerebral-the thalamus, and the
^

volved. Sabin described the constant changes in the neural connections betwe

nlimentarv tract and the central nervous system.
. , , i „ lod tn

Thus it becomes evident that, since Charcot’s time, pathological studies lav

a gradual extension of our concept of the seat of the disease. us
explana-

many parts of the central nervous system, and it is much more adaptable - P

and the prevalence of the partial
total

of muscles, to which Lovett has already cailed attentmn, suggest a spotty

'' TVir or nnvw t'.'o totxt
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Fig. 2

Section of an antoiioi-lioin coll (X422), allowing early cenlial chromatolysis, in acute
poliomyelitis. Nissl bodies are fragmented and have laigely di.sapjieared from tlie center
of the cells. Micioglia colls and lymphocytes aic evident. Infilliation or inflammation in
this legion of the anteiior liorn is mild.

showiinrf'
the lumbai segment of the coid m a case of acute poliomj'elitis,

Notirp
chromatolysis of the anterior-hoin cell, with fragmentation of the cell walls.

This irpT'^^f n loss of the Nissl bodies and peiipheial location of the nucleolus.
‘ 01 the anteiior horn is densely infiltrated with inflammatoiy cells.
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Fig. 4

Section (X 422) of an antenor-hoin cell, showing earl}- central chromatolysis, in a case of
acute poliom}'elitis Same pathological changes aie present as in Fig. 2.

Fig. 5

Satellitosis of the anteiior-horn cells. Three anterior-horn cells which have been frag

mented aie seen in this photomicrograph (x422). The nucleoli and cell remnant

suriounded hy monocj-tes or macrophages; micioglia cells and Ij’^mphocytes are sea

throughout.

involvement of the cord. In cases of eaidy arrested and non-paralytic poliomyelitis^^^^

monkeys, Bodian and Hove found minimum changes, which consisted of discrete regio <

THE JOURNAL OF BONE AND JOINT SUR^rlt



ANTICmOU POLIOMYKLITIS 63

Fia. G

Normal intercalated or internuncial neurons. These cells have fewer processes and smaller
masses of chromatin matter, and are smaller than anterior-horn cells. (X 792.)

destruction of neurons with mesodermal glial infiltration and cuffing. The absence of

clinical paralysis is due to the scattered distribution of the motor-neuron lesions.

Many years ago this ’so-called focal distribution-® was studied from the anatomico-

topographical point of view by Sano and Bruce.

In the cross section, certain clusters of motor cells appear in the cervical and lumbar
intumescence in the lateral portion of the anterior horn, in addition to the constant and
segmental clusters which occupy the more medial portions. As more muscle groups appear,
these additional clusters are added in such a fashion that the more distal muscle groups
have their nuclear representative in the increasinglyjateral portions of the anterior horn;
this is similar to the motor and sensory aiTangement in the precentral and postcentral
gj'ri of the cortex.

Of still greater interest is the perpendicular arrangement, in which these clusters
appear as columns. It seems plausible that the destruction of a cell cluster in a given cross
section may mean little or nothing to the function of the muscle, which is supplied by a
certain nuclear column. The medullary nuclei of some of the muscles spread over a number
0 spinal segments, while others (for instance, the tibialis anterior) spread over a few only.

IS may explain why some muscles are more likely to escape complete paralvsis than
others.

Analysis of the 1000 cases of paralysis of the lower extremities, collected by Sher,

79^ tibialis anterior was severely involved in 83 per cent., the tibialis posterior
per cent., the gastrocnemius in 62 per cent., and the peronei in 66 per cent., to mention

of tl

i^^ost frequently involved. On the grounds of the topographical extension
lose columns, one may explain the relative frequency and degree of involvement of

ge muscles or of muscle groups. However, to the author’s knowledge, Sano’s diagrams
^ been confirmed by serial sections of the cord,

horn
oI clinical interest is recognition of the reversibility of the anterior-

esions (Fig. i). Obviously, complete destruction of the anterior-horn cells is final

1. JANUARY 1017
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Fig. 7

P a^es, like ^ultu^es, surround this remnant. (X 422 .)

^ * nucleolus remains. Macro-
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Fig. 9

Section (X 106) from the Uimlrar cord in acute jmliomyolitis, sliowing necrosis and hem-
orrhage of the anterior liorii. Notice the dense infiltration of inflammatorv cells throughout
this aioa. Tissue continuity has been lost in the central jrortion, duo to necrosis, and
hemoirhage has occurred.

and permanent damage; yet up to a certain point the changes seen in these cells must be
reversible, just as the inflammatory glial infiltration and the perivascular lymphocytic
exudates or cuff’s are reversible. This is essentially the sequence of changes (Figs. 2, 3, 4,

and 5) in the motor cells of the horn, which was known to Cadwalader in 1908 and Wick-
man m 1909: the chromatolysis, the sharply outlined acidophilic inclusion, or the Nissl
bodies, and the peripheral arrangement of these bodies; then the loss of cell outlines,
complete disintegration and crumbling of the cell, followed by satellitosis of the nucleus;
phagocytosis; and finally gliosis.

Patton distinguishes three phases: The first is the early swelling of the cell with
enlaigement of the nucleus and disappearance of the Nissl bodies. The second is the
ciiomatolysis with basophilic granules filling the cytoplasm. The final stage is the break-
ing up of the cells, with necrosis.

If there is a certain degree of reversibility of the changes in the motor cells of the horn
ley exist in the secondary reaction of glial infiltration and perivascular cuffing, it

,.
® plausible explanation for the complete recession of paralysis, just as the focal

s n ution of poliomyelitis in the columns of motor cells in the anterior horn explains all
degrees of partial paralysis.

wl
clinical symptom to be explained on pathological grounds is the spasm,

^^>ici las become the most controversial feature of all. It is now' believed* that spasm
lesents a dysfunction of the intermediate, or so-called internuncial, cell group of the

gro
Neurologists have knowm for a long time-’^ that there is a synaptic relay

7) ^All
sensory, situated dorsal to the cells of the anterior horn (Figs. 6 and

I'ighe
going through the spinal reflex arc, as w'ell as those coming dowm from

ler centers, are relayed through these cells to the motor neurons of the anterior horn,

ings on
^ Nnapp have attracted wide attention by a report on the pathological find-

reguhrlv°f
seventy-eight patients, wdio died as a result of poliomyelitis. They

y ound lesions of this intermediate cell group; and furthermore, in 40 per cent, of
'OL. 2D, KO. 1, januauY X04T
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Fia. 10
The lumbar cord following acute poliomyelitis, showing gliosis of the anterior horn. No

semblance of the anterior horn remains. Scar of gliosis completely replaces most of the
area, (X 100.)

Fia. 11

Area of the medial vestibular nucleus in the floor of the fourth ventricle in acute polio-

myelitis. .Notice perivascular cuffing, central chromatolysis of the neurons, with peripheral

location of the nucleoli, and infiltration of l3^mphocytes and microglia cells. (X 422.)

their cases, the internuncial cells alone were involved, while the cells of the anterior horn

were intact,

THE JOURNAL OF BONE AND JOINT SURCERT
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Fig. 12

Area of the medial vestibular nucleus in the floor of the f9urth ventricle (X 422). The
conditions are similar to those present in the case shown in Fig. 11.

Unless these findings are based upon serial sections, it would not necessarily mean
that the anterior-horn cells have entirely escaped destruction, except at a certain level.

Fig. 13

422) from the mid-brain in acute poliomyelitis. The same type of inflamma-
Fig. 12 is present here, also. Notice the microglial and lymphocytic infiltrationana iiie perivascular cuffing.

'OL. 29, xo. 1, JANUARY 1947
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Section (X 422) of the meninges of the brain m acute poliomyelitis. The memnges have
become thickened by the inflammatory piocess. Dense infiltration of lymphocytes and mild
perivascular cufiing are present.

n the author’s small series, anterior-horn cells were found to be destroyed, either alone or

together with the internuncial cell, but not the reverse (Figs. 8, 9, and 10)

.

The clinical corollary of this internuncial-cell lesion is believed to be the spasm. There

is no doubt that it is a most frequent symptom, and that it is entirely different from con-

tracture. During the 1944 epidemic in Iowa, the author found spasm in practically all

cases, and almost invariably in the quadriceps. Even though the muscle was incapable of

active contraction, it felt hard and indurated; and attempts to flex the knee caused pain,

referred to the muscle and not to the joint. Thus, if we admit the role of the internuncial-

cell group, spasm would appear not to be a phenomenon of the lower motor neuron at all,

but would belong to the higher regulatory, or inhibitory, centers.

Consideration will now be given to the lesions in the higher centers,—namely, the

medulla oblongata, the pons, the basal ganglia, and the more recently described changes

in the tegmental regions of the mid-brain (Figs. 11, 12, and 13). Peers described, in the

paracentral gyrus, perivascular cuffing, lymphoid infiltration, and thrombosis of the vessels.

He observed that these changes, as well as the others in the tegmental nucleus, are re-

versible and transitory, and that they decrease in monkeys as time elapses. Bodian in-

jected poliomyelitis virus intracranially into three monkeys, waited for spasm to develop,

then killed the animals. He found lesions in the basal ganglia, but none in the cord. The

occurrence of these lesions may well be in harmony with the phenomenon of incoordination

and asynergic contraction of muscles—a disturbance of the normal reciprocal innervation—

as is postulated by Sherrington.

It is not beyond the realm of possibility that the symptoms of so-called "mental

alienation", as Miss Kenny calls it, represent the loss of voluntary cerebral control, a

physiological block within the central nervous system, and, more specifically, in the system

of synapsis located all the way from the cortex to the cord. While we recognize this as a

transitory and reversible stage, it may for all practical purposes appear as a real paralysis.

In contrast, however, to the changes due to the destruction of the anterior-horn cells, these

the journal of bone and joint SURGOm



ANTICIUOU rOMOMVELlTIS 69

changes arc entirely reversible
;
and this may well explain some of the early and remark-

ably rapid cures, now ascribed to our own handiwork (Fig. 14)

.

It must also be considered that not all cerebral lesions arc necessarily reversible (Fig.

Fig. 15

Section (X 422) showing the fourth laj'er of the cerebral cortex in acute poliomyelitis.
The same type of inflammation is present as in Fig. 14.
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Section (X 422) of the posteiior horn of the lumbar aiea of the cold in acute polio-
m3^elitis Notice dense inflammator3’’ reaction present in this poition of the cord.

15) . This is illustrated in epidemics or solitary instances of infantile paralysis, where the

residual symptoms are not paralysis or shrinkage of the muscles, but fatigue, incoordina-

tion, and lack of concentration,—features which point distinctly to the cortex and which

make it difficult to draw a strict boundary line between poliomyelitis and polio-encephalitis

The question arises of what is the pathological equivalent to the sensory symptoms of

pain and skin irritability.

Small foci of infiltration of the dorsal root in the sympathetic ganglia haAm been

recognized for decades. Sachs, on the basis of eight autopsies, described changes in the

central gray matter,—evidently the internuncial cells, as well as changes of the posterior

horn (Figs. 16 and 17) . More recently, Toomey expressed the belief that the first cellular

reaction is probably destruction of the cell elements of the spinal ganglia; and he also

reported immlvement of the lateral horn, which is subserving the autonomic system From

our clinical observations, these sensory lesions represent reversible changes. AVhether or

not true lesions of the sympathetic system exist is still undecided. From the clinical point

of Auew, their occurrence is not unlikely. We refer here to the changes in circulation often

seen in seA^ere cases. From our own obseiwations with sweating, and from other tests'^h

hypohidrotic, Amsodilatory, and hypopilomotor changes have been found. These are hard

to explain, except on the basis of functional insufficiency of efferent sympathetic neiA'es

PHYSIOPATHOLOGICAL STUDIES

Studies in physiopathology haAm been carried on in recent years, and the center of

interest is held by the muscle and the neuromuscular junction.

HoweAmr, John Ridlon, more than fifty years ago, pointed out that Avithin a shoit

time the affected muscle begins to become atrophied, and he stated that there is nothing in

this change to distinguish it from the atrophy of disuse. This statement established tie

distinction between simple atrophy and degeneration, which is necessary in order to un er-

stand the subsequent relations of neuromuscular regeneration. That a muscle can lecoAer

the journal of bone and joint surgera
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from an advanced stage of simple atrophy and that it could not recover from a similarly

advanced stage of true degeneration has already been amply indicated. As Aycock aptly

puts it, the doctrine of pleuriscgmental innervation of the individual muscle fibers (in

accordance with the topographical scheme of Sano) offers the most adequate explanation

of the phenomenon of recovery.

The histological corrollary of rcgenerability of the muscle fibers has been studied.

Simple atrophy shows a shrinkage of the fiber, and an apparent, but not a real, increase of

the sarcoleinma nuclei; later there is a disappearance, first, of the cross striation, and then

of the longitudinal striation. It is believed that these stages are still reversible. The more

advanced changes in the muscle begin with vacuolation, necrosis, and crumbling of the-

sarcoplasm, and proceed to proliferation of the interstitial tissue, and, finally, to fibrous

or fatty substitution of the parenchyma. These latter changes arc believed to be irre-

versible.

The next problem was to find the physiological responses which correspond to the

different jrhases of muscle atrojrhy and degeneration.

Physiologists have been interested in the action current of the paretic muscles.

Proebster made the significant finding that there was no parallelism between excitability

and tension strength of the paretic muscles. The excitability may be 100 per cent, of normal,

whereas the contractive strength may be only a fraction of it. Furthermore, Proebster

spoke of the state of permanent excitation of the paretic muscle, wdiich entails the danger

of early fatigue. The poliomj’-elitic muscle may have as low' a threshold of excitability

—

that is, response to small stimuli—as does the normal muscle, but the important point is

that, W'hen it does respond, it responds w'ith a maximum oscillation.

It is of significance that, in true muscle degeneration, there is a retardation of the

appearance of action current on voluntary contraction; but this could not be demonstrated
by Proebster in the majority of poliomyelitic muscles, w'hich evidently w'ere in the state

of simple atrophy. The paretic muscle of poliomyelitis, on continuing voluntary innerva-
tion, produces action-current curves w'hich correspond to maximum effort, and consequently
are likely to lead to early fatigue. In this latter case there appears, then, the picture of

incoordinated action-current curves, w'ith low' amplitudes and exhaustion.

These earlier action-current experiments are mentioned because they fit in so w'ell w'ith

the recent investigations carried out by Bounian and Schw'artz. These authors showed in
the electroinyograins that spasm exists not only in the antagonist, but also in the weakened
muscles. However, spasm does not exist in the totally flaccid paralyzed muscle. Further-
more, Bouman and Schw'artz found that the paretic muscle-current potential increases
V ith the improvement in motor pow'er. These findings seem to prove that spasm is a gen-
eral phenomenon in infantile paralysis, occurring in the earlier stages of the disease. If
appears in the synergist and antagonist alike, and has nothing to do w'ith denervation of
the motor horn. It finds a plausible explanation in the dysfunction of the internuncial-celT
gioup, which has lost its inhibitory effect on the spinal reflex mechanism.

The understanding of the neuromuscular dysfunction of the poliomyelitic muscle has
een further advanced by experiments on chronaxia, w'hich means the time necessary for’

a current of standard intensity—^that is, fvice the minimum rheobasic current—^to produce'
muscle responses. These experiments are not new. As early as 1928, Marinesco, Sager,
an Ki’eindler conducted such investigations on muscles in infantile paralysis. Pehu and’
i orin found in eight cases, during the first days of poliomyelitis, a moderate increase of'
c nonaxia values in the affected muscles, w'hich values reached their maximum in a few
'CO -s. Then, as the muscle recovered, the values came dow'n in from tw'o to eight months.m time of evolution and the intensity of tjiese chronaximetric disturbances Avere found

that^

Pi’oportional to the severity of paralysis. Also, Chauchard and his associates found
'

'f
“^®^keys, the chronaximetric changes appeared earlier than the paralysis which

lea es an earlj' encephalitic im'olvement.
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Foremost in the investigations along this line stand those of Moldaver, who empha-
sized the electroprognostic value of chroUaxial measurement in this disease; he believed

that these measurements offered the best index of functional recuperation. He showed that

muscles in spasm have normal chronaxia values. Neuromuscular degeneration can be

determined by chronaxia, while spasm does not lead to neuromuscular degeneration. The
muscles with only slightly increased chronaxia time have a good prospect of recovery, while

those with prolonged chronaxia or those not responding at all offer a poor prognosis.

Recently, experimental physiology has taken another helpful step in the interpreta-

tion of symptoms concerning muscle tone and muscle volume. We have known that fatigue

is under the influence of the central nervous system and it is not connected with the

neuromuscular unit itself,—at least, in the healthy muscle. Proebster has already pointed

out that the considerably atrophic and shrunken poliomyelitic muscle requires, even for

a moderate contracting effect, a maximum expenditure of energy. Therefore, fatigue will

set in much sooner in such a muscle.

The impulses, which in the normal muscle are imparted sufficiently by the cord or by

higher reflexes, require in the paretic muscle a sustained and conscious energy effort; hence

early fatigability results. In addition, the experiments of Orbeli showed that fatigue can

be retarded by stimulation of the sympathetic nerves.

Orbeli’s experiments do not, however, parallel the clinical situation, which can be cor-

related much better with more recent experimental findings. These findings have changed

former ideas about the fatigability of weakened muscles, and it is no longer believed that

—absolute immobilization is necessary to save a weakened muscle from exhaustion.

^
The experiments of Hines and his associates at Iowa University i5>22,5i showed that,

^ owing denervation, the failure of the muscle to develop effective tension is the cause of

• ’ophy; they also found that inactivity and immobilization retard neuromuscular re-

generation, while, on the other hand, a program of early muscle use promotes it. These

authors further found that electric stimulation, of the order required for maximum tension

and for maximum physiological stretch, greatly retarded the loss of weight and the loss of

strength of the muscle in the period which preceded its re-innervation. Finally, they found

that not even the resultant fatigue seemed to have an injurious effect on any phase of

neuromuscular regeneration.

The application of these newer discoveries to the clinical interpretation of symptoms

and to the policies of treatment is far-reaching.

Because of the high incidence of spontaneous recovery, any therapeutic measure

would be hard to evaluate. In addition, improvement in muscle function may not all be

due to recQvery of a nerve cell from shock or other reversible change within the cell itself,

but it may be due to hypertrophy of the remaining uninvolved muscle fibers.

From the standpoint of treatment, spasm is considered to result from loss of the

inhibitory action of the internuncial-cell group and of the higher centers. With this idea

in mind, Kabat and Knapp introduced pi’ostigmine, because they believed that it not only

reduced the hypertonus of the skeletal muscles and the proprioceptive reflex hyperirrita-

bility, but it also reduced the incoordination, which would indicate that this drug acts

upon the higher centers, also.

Prostigmine may not find general use in poliomyelitis, since the spasm and the hyper-

irritability are transitory symptoms. The author’s experience is too limited as yet to

justify on opinion
;
but, from the experimental side, Hines and his associates found neit lei

a delay nor a hastening of the neuromuscular regeneration after prostigmine injection.

Physiological Effect on Nerve Regeneration

A. recent plan to promote nerve regeneration is the so-called nerve ciushing, oi

tripsy. The idea is not entirely new. In 1935, lovino produced, experimenta 5b

of the sciatic nerve by cutting the nerve partially and then resuturing the cu en .
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three months the function of tlic leg I'cappcnred
;
it became normal in six months, and the

muscle atrophy disappeared. lovino reported that after ten months there was an actual

increase in the sutured nerve fibers over those of the normal sciatic nerve on the other side.

The regenerated surplus nerve fibers were uniformly distributed in the entire peripheral

end of the sectioned sciatic nerve.

In line with this concept of hyimncurotization, Billig, A^an Harreveld, and Meersma

studied the regeneration of nerves after nerve crushing. Experiments were carried out on

rabbits. The quadriceps was made equally paretic on both sides by pulling out some of

the spinal roots of its nerve supply. The authors then proceeded to crush the remaining

fifth lumbar root on one side, leaving the root on the other side intact. They found that,

after the crushed root had regenerated, there was actually an increase of muscle power on

the side of crushing over that on the other side. The underlying idea was that the regenera-

tion after crushing not only equals, but actually exceeds, the supply of axis cylinders and

neuromotor end-plates over and above the supply present before the crushing.

This principle was then applied to patients with partially paralyzed muscles; the

crushing of their motor nerves was done either openly, near the motor points of the muscle,

or subcutaneously, with an instrument which resembled a compressed-air riveter. The
improvement of the muscle power was carefullj'’ measured, according to a standard grade

scale and bj’’ electroinyograms. A number of patients who have been interviewed by the

author expressed themselves as having definitely been benefited by the procedure. Accord-

ing to Hines and his associates, the maximum recovery after crushing, measured by muscle

weight and tension, is about 85 to 90 per cent. It is remarkably constant, and reaches its

peak in about twelve w'eeks. Nevertheless, no admission has yet been secured from physi-

ologists that, following nerve crushing, the amount of regenerated nerve supply exceeds or

even equals the normal.

TREATMENT

In summary, these more recent studies in the pathology and physiopathology of

muscle and peripheral nerves do not seem to have brought about anything resembling a
complete and radical change in the management of anterior poliomyelitis; they have,
however, produced important modifications in our concepts of conservative treatment.

Rest

The application of heat and rest and the avoidance of stretch reflexes in the affected
muscles are still being adhered to, along the lines laid down by Lovett; in addition, during
the period of hyperaesthesia, all limbs are kept in proper position. The technique of heat
application has been vastly improved by Miss Kenny, and the results are particularly
striking in such conditions as intercostal rigidity, spasm of the neck and back muscles
and of the hamstrings, and quadriceps rigidity.

Rnmobilization

Casts are almost never used, and braces for the protection of joints are applied only
to prevent deformity. AVeight-bearing is allowed as early as possible, and recumbency is

prolonged only in patients threatened with spinal asymmetry.

Movement

It is especially important to keep up the muscle tone by early massage and b}’- sys-
ematic active and passive movement. The fear of exhausting or permanently damaging
a muscle by taking it through the full range of motion is, in the light of experimental
evidence, without foundation.

It has been established that early mobilization favors, rather than impedes, neuro-
muscular regeneration. This applies to the so-called “alienated muscle”, which Moldaver
las s lown, on grounds of chronaxial changes, to be the one really affected. There are.
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however, more central inhibitions of voluntary motions which prevent active contractions
temporarily, and these muscles offer the best prospects for re-educational methods.

The same may be said of the mass movement called incoordination. The muscle
must be taught to resume its proper function,—first by passive motion, which brings out
the proprioceptive stimuli, and then by active motion, which re-establishes and fixes the
motor pattern in the brain. It is clear that only a weakened, and not a completely para-
lyzed, muscle can be expected to respond to such educational treatment.

DISCUSSION

The impression should not be gained that there is any kind of supremacy of the labo-

ratory worker over the clinician. There are too many discrepancies between the situation

existing in animal experiments and that obtaining at the bedside to make any laboratory

results absolutely binding; on the other hand, the clinical observations are so numerous
and have been made by so many competent and experienced physicians that they cannot

be rejected simply because they do not harmonize with experimental findings. We cannot,

however, be blind to the fact that, in many perplexing problems concerning anterior polio-

myelitis, experimental medicine and basic medicine have opened our eyes to certain

traditional mistakes and misconceptions which will have to be corrected or revised.

Note; The writer wishes to aclmowledge, with thanks, the valuable help of Dr. W. R. Ingrain,
Professor of Anatomj’-, State Universitj^ of Iowa, in the selection and reproduction of the pathological
slides.
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THE DIAGNOSIS OF MENISCUS INJURIES

Some New Clinical Methods

BY A. GRAHAM APLEY, F.E.C.S., PORTSMOUTH^ ENGLAND

INTRODUCTION

In the year 1803, 'William Hey of Leeds wrote of a condition which he termed “internal

derangement of the knee”. This was not a clear-cut entity, but it did include the first,

somewhat vague, description of locking; and Hey suggested that locking might be due to

a meniscus lesion. However, as he treated his patients by manipulation alone, direct con-

firmation was not obtainable. The literature records hardly any progress in diagnosis for

almost one hundred years, but the succeeding twenty or so years contain a galaxy of

great names.

First Sir Robert Jones and later D’Arcy Power, Martin, and Morison recorded the

results of numerous meniscectomies, and focused attention on the longitudinal split as the

primaiy lesion. Then, in 1924, Bristow^ opened a discussion on internal derangement of

the knee at a meeting of The British Orthopaedic Association
;
and since that time BristoAv-,

Platt®, AIcMurray, and others have described large series of cases of knee injury, with

areful analyses of their findings. Despite the meticulous work in all these series, one

ature stands out,—namelj'-, the high proportion of cases in which no meniscus split was

een at operation. Sir Robert Jones quotes a figure of 10 per cent., while Bristow found

that in 30 per cent, of his cases there w'as no split, this proportion including many normal

and hypermobile menisci.

Many attempts at an explanation have been made, but as recently as 1930 Platt was

driven to conclude that this group remained an enigma. However, by this time the rotation

sprain of the knee, in which the attachments of the medial meniscus to the tibia, capsule,

or tibial collateral ligament were damaged, had also -been described
;
and various authors

had already emphasized the difficulty in distinguishing a rotation sprain from a split

meniscus.

With all these advances, two notable gaps remain: first, the absence of any constant

and reliable pathognomonic sign for a split meniscus; and, second, the difficulty of differ-

entiating a split meniscus from a rotation sprain. The purpose of this paper is to describe

some methods which aim at filling these gaps.

THE CAUS.4.L FORCE IN MENISCUS DAMAGE

The causal force in meniscus damage is clearly recognized. With the knee flexed and

bearing weight, a twist occurs. Since the meniscus is fixed between the tibial and femoral

condyles, if excessive rotation takes place, something must give way. Sometimes this

grinding force splits the substance of the meniscus, and from this primary tear secondar}'’

extensions may occur, producing the different varieties of torn meniscus. Precisely the

same force may, instead, wrench the meniscus away from some of its peripheral attach-

ments, thus producing the so-called rotation sprain. It is quite true that weight-bearing

(and therefore a grinding force) is essential in the production of a split in the meniscus,

whereas it need not be present for a rotation sprain to occur. The important point, how-

ever, is that the selfsame force may, on occasion, produce either type of injui)", an

therefore the history may not help in differentiation.

*Read at the Spring Meeting of The British Orthopaedic Association, Newcastle-iipon-Tj-ne,

May 1946.
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THE PRESENT METHODS OF EXAMINATION FOR MENISCUS INJURY

The most important feature in the present-day method of examination for a meniscus

injury is rotation of the tibia, while the knee is held in varying degrees of flexion, as, for

example, in McMurray’s test. This manoeuvre is calculated to displace a meniscal frag+

inent and to produce the well-known click, which is palpable, constant in position, and

recognized by the patient. Together with the history (which, although of the highest im-

portance, is not dealt with in this paper)
,
a diagnosis can usually be made. All too often,

however, signs are absent, and there seem to be three disadvantages in this method of

examination:

1. A click is not a truly reliable sign. Its cause may lie in a different knee injury or

in a different joint entirely. Many surgeons fail to find it at all, although McMurray
declares that the diagnostic click is reliably constant in his personal cases.

2. The routine method of testing by rotation must necessarily pull on those tissues

damaged in a rotation sprain, so producing extraneous pain. Thus, in the very process of

testing for a meniscus injury, the surgeon may actively confuse the picture.

3. The third disadvantage, as Platt** has emphasized, is that the present method is

based upon unstable mechanics. With the patient lying on his back and the surgeon
examining his knee, there are two fixed points,—^the pelvis, which rests on the bed, and the
ankle, held in the surgeon's hand. Betwmen these two, the long connecting levers of the
thigh and the leg are unstable, and are not adequately steadied by the surgeon’s hand.

A THEORETICAL. SOLUTION

From the foregoing paragraphs it is eiddent that, in the examination of the knee, we
are dealing with a confused problem of mechanics. To solve this problem, it must be
1 calved into its distinct components. First, stabilization of the levers can be accom-
plished by laying the patient on his face and fixing his femur in a way wdiich wdll be
described later. Second, to effect a diagnostic separation between meniscus and soft tissues,
be application of a longitudinal stress is required. This stress should, alternately, be a
separating (or distracting) force, and a compressing force; and these two types of longi-
udinal stress should be capable of easy application.

'OL. 29, i,-o. 1, JANUARY 1047
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Fig. 3

Rotation of both knees—preliminaiy manoeuvre.

(The various illustrations epito-

mize both the theoretical arguments

and the practical tests. These tests

are easy to demonstrate in the pa-

tient, but less so in print.)

c Figure 1 shows the theoretical

result of applying separation or dis-

traction to the knee. Clearly, the

soft tissues are being stretched,

while the meniscus remains undis-

turbed. (For simplicity, only the

tibial collateral ligament is shown in

the diagram, but the coronary fibers

and the capsule must undergo simi-

lar stretching.) A test based on this

fact is, therefore, a test of the soft

tissues (ligamentous, fibrous, and

capsular) and of these alone. Such

a test would be positive in a rotation

sprain.

Figure 2 illustrates the basis for

a compression test. Here the soft

tissues are clearly relaxed, but the

^ ifeniscus itself is being crushed. In this position, in addition to the compression already

-^’oduced, rotation can be added. This combination of compression and rotation consti-

tutes a grinding force wdrich is an accurate reproduction of the original destructive force

Fig. 5

The distraction test.
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in meniscus damage, so that a positive grinding test points unequivocally to meniscus injury.

Expressed in these simple terms, the two manoeuvres of compression and distraction

form the basis of the proposed tests to fulfill the requirements previously put forward.

It remains to translate these theoretical considerations into practice; and, to do this, a

posterior method of examination is employed.

THE POSTERIOR EXAMINATION OF THE KNEE

For this examination the patient lies on his face. He should be on a couch not more

than two feet high, or the tests become difficult, and he must be well over to the edge of

the couch nearest the surgeon. To

start the examination, the surgeon

grasps one foot in eacb band, exter-

nally rotates as far as possible, and

then flexes both knees together to

their limit (Fig. 3) . When this limit

has been reached, he changes his

grasp, rotates the feet imvard, and

extends the knees together again.

This preliminary manoeuvre demon-

strates limited rotation, painful ro-

tation, and the exact angles of flex-

ion at which these occur; the estima-

tion of these angles proves useful

later in the examination.

The surgeon then applies his left

knee to the back of the patient’s

thigh (Fig. 4) . It is important to ob-

serve that in this position his weight

fixes one of the levers absolutely.

The foot is grasped in both hands,

the knee is bent to a right angle, and
powerful external rotation is applied.

This test determines whether simple

rotation produces pain.

Next, without changing the position of the hands, the patient’s leg is strongly pulled

upward, while the surgeon’s weight prevents the femur from rising off the couch (Fig. 5)

.

In this position of distraction, the powerful external rotation is repeated. Two things can

be determined: (1) whether or not the manoeuvre produces pain and (2), still more im-

portant, whether the pain is greater than in rotation alone without the distraction. If the

pain is greater, the distraction test is positive, and a rotation sprain may be diagnosed.

Then the surgeon leans well over the patient and, with his whole body weight, com-
presses the tibia downward onto the couch (Fig. 6) . Again he rotates powerfully, and
again he asks two questions: (1) “Does it hurt?” (2) “How’^ much does it hurt?” If the

addition of compression has produced an increase of pain, this grinding test is positive, and
meniscal damage is diagnosed.

Incidentally, this question of the amount of pain is not a matter of fine hairline distinc-

tion; the patient must be sure of a considerable difference, and indeed he usually is.

THE USES OF THESE TESTS

1. So far, attention has been focused on differentiating a meniscus injurj^ from a
rotation sprain. This is the first, and perhaps the most important, use of these tests. They
'OL. 29, NO. 1, JANUARY 19J-

Fig. 6

The grinding test.
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are also useful in other types of cases, howeA’er, in some of which it is necessary to intro-
duce modifications.

2. In manjr patients the history lacks diagnostic precision and the common physical
signs of meniscus damage cannot be elicited

;
the findings are vague, although the patients

may be grossly disabled. Again, in many patients the diagnosis of a lesion of the posterior
horn of the meniscus may be difficult. In both types of cases, surgeons are not unreasonably
chary of operating in the absence of any single clear diagnostic feature in the history or

the physical examination. Not infrequently, therefore, the patient limps his way, for

months or jmars, with the aid of ]Dhysiotherapy. There is, therefore, a second use for the

tests; for, if the grinding test is positive, then the doubt as to the diagnosis (and inci-

dentally the meniscus) should be removed.

lYith a suspected tear of the posterior horn, the grinding test is modified
;
instead of

holding the leg at a right angle, the knee is flexed much more acutel5^ The importance is

now ajrparent of determining, in the preliminary manoeuvre (Fig. 3) ,
the angle of flexion

at which pain is produced by rotation, for the test should always be repeated at precisely

this angle. In this way it may be possible to obtain accurate localization of the meniscus

lesion as well.

3. A third use of the tests is in the diagnosis of lesions of the lateral meniscus, which

maj'^ also be difficult at times. For this purpose the tests are modified by rotating the foot

inward instead of outward; in other words, a reverse grinding test is performed. The clue

as to whether this is worth trying is again given by the preliminaiy manoeuvre, in which

oth I'otations at all angles of flexion were performed.

LimTATIONS OF THE TESTS

Any diagnostic test should be judged by three fundamental criteria: (1) It should be

fairl}’- easy to do; (2) it should be constantly positive for the precise lesion concerned;

and (3) it should be negative for all other lesions.

The grinding test is not too difficult, but it does need a good deal of practice and

careful attention to detail. The use of a low couch, the application of considerable force

in compression and rotation, and canying out the test at the suitable angle of knee flexion

are all important points, the neglect of which may jesult in failure.

As to whether the grinding test is always positive with a meniscus lesion and the

distraction test with a soft-tissue lesion, it is perhaps too early to say. This paper is being

presented at a somewhat early stage in the hope that more widespread trials will follow.

Since becoming accustomed to the tests, howCAmr, the author has been surprised by their

constancy.

With regard to other lesions, the author has three times found the grinding test positive

when there was a pedunculated loose body other than a split meniscus. This does not

seem to be a serious drawback for, quite apart from the help afforded by roentgenograms,

operation was no less indicated.

EESULTS

The results by these methods are shown in Table I. The number of cases is small

because, in the great majority of cases, the orthodox methods established the diagnosis

simply and firmly. These cases are therefore omitted, and only fifty cases remain. Broadly

speaking. Groups A and B are those in which only the application of the new tests per-

mitted a diagnosis to be made; wdiereas Groups C and D, especially Group D, are those in

Avhich the tests resulted in the correction of wmong diagnoses.
.

_ ^

Group A consists of ten cases. In none w'as there a history typical of meniscus injuij,

and in none w^as a single positive physical sign found by orthodox methods. In al en,

however, the grinding test was clearly positive, and in each a split meniscus was removed

at operation.
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T.ABLE I

Kksults

Findinfc.s by Ortliodox Methods

Group
No. of

Cases

Typical
History

of Meniscus
Injur.v

Positive

Meniscus
Tests

Diagnosis

A 10 0 0 No meniscus
lesion

B 13 I'^ariable 0 Probably
no meniscus

Ic.sion

C 15 Variable 0 ? Split.

meniscus

D 9 Fairly good 3 Probably a
split,

meniscus

E 3 Miscellaneous cases for discussion

Totals 50
! 1

3

Finding:s by New Methods

Po.sitivc

Grinding
Test

Positive

Di.s-

traefion

Test

Diagnosis

Actual
_

Diagnosis

0 Split
_

meniscus
Split meniscus
at operation

13 0 Split
_

meniscus
Split meni.scus

found
at operation

0 15 Rotation
sprain

Rotation sprain

(not proved)

0 9 Rotation
sprain

Rotation sprain

23 24
1

1

In the thirteen cases of Group B, ortliodox physical examination was again negative;

but the histories varied from complete vagueness to more or less definite hints of meniscus

damage. Again, however, the grinding test was constantly positive; and in these cases, too,

a split meniscus was removed at operation.

In a few of the cases in Group B, the history alone might possibly have led to opera-

tion. This links up with Group C, for in the fifteen cases of this group, there was a similar

variability and vagueness in the history, coupled with absence of orthodox physical signs.

To all appearances, therefore, Groups B and C are alike. In all the cases of Group C,

however, the distraction test was positive, and a diagnosis of rotation sprain was therefore

made.

Groi(p D carries the argument a stage further, for it consists of nine cases in which
the history definitely was suggestive of meniscus damage; moreover, in three of them a
positive McMurray’s sign was probably obtained. Again the grinding test was negative
and the distraction test positive, and a rotation sprain was therefore diagnosed. Bhtli this

diagnosis, in Groups C and D operation into the joint was not indicated. In a few cases

negative air arthrograms were obtained, but the results with this method are insufficiently

constant to afford proof. Purely conservative methods, including manipulation in some,
appear to have justified the diagnosis. It is not unlikely that, without these tests, at least
the three cases mentioned, and probably several more of this group, would have come to
operation, and that normal menisci would have been I’emoved. Here, then, are cases with
an apparent diagnosis of meniscus damage, which were aetually examples of rotation
sprain. It is impossible to resist the speculation that this may provide the explanation for
some of those enigmatic cases in which normal menisci are removed.

Group E consists of three miscellaneous cases. In one, the diagnosis of split meniscus
^as made on the basis of the history, a positive physical examination by orthodox methods,
and also a positive grinding test; nevertheless a normal meniscus was removed. The
leinaining two cases had previously had meniscectomy; in both, a fragment of the posterior
loin remained, diagnosed by the positive grinding test. They also showed a positive
istraction test, however,—a curiosity explained by the presence of postoperative adhesions
mimicking rotation sprain. Thus an apparent contradiction proved, in fact, to be con-
matory evidence of the validity of these tests.

The patient had a reasonably suggestive history and a
obvious hlchlurray’s sign. IVhen the grinding test was performed, and compression
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and rotation were applied, there was a sudden click. Much to the patient’s surprise, and
somewhat to the author’s, the knee was locked. To satisfy himself, the author locked and
unlocked it three times in all. Fortunately this was not a very painful process; and it does

seem to suggest that, in the grinding test, the correct type of force is being used.

SUMMARY

Some new tests for the diagnosis of meniscus injury, and its differentiation from rota-

tion sprain, have been described. These tests aim at separating the individual components

in knee-joint injury, and at reproducing the causal grinding force of meniscus damage.

With wider experience, it is hoped that they may help to reduce the percentage of errors

in the diagnosis of knee-joint injuries.

Note: In connection with the preparation of this paper, thanks are especially due to Mr. George
Perkins, Professor Platt, and Mr. W. R. Bristow for valuable criticism and advice. The author is also

most grateful to Brigadier D. Fettes, Colonel E. M. Townsend, and Colonel E. P. N. Creagh for their

generous cooperation ; and to his brother, Dr. J. Apley, for his invaluable assistance.
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MUSCLE FIBRODYSTROPHY

A Syndrome Causing Chronic Physical Disability

BY MAJOR ROBERT BINGHAM

Medical Corps, Army of the United Slates

The practice of orthopaedic surgery in the United States Army has afforded an un-

equalled opportunity for the examination of large numbers of young men. Deformities of

the bones and joints and abnormalities of the neuromuscular system are frequently

discovered by medical examining boards.

The majority of the patients examined and treated by orthopaedic surgeons have

illnesses or injuries which clear up after short periods of rest, physical therapy, and general

medical care. A very few have symptoms of more serious diseases or trauma, which require

prolonged hospitalization and specific surgical treatment. In another group, the complaints

arise from a residual disability from some injury or illness in civilian life. These latter

patients are the most difficult to treat successfully in the Army. Most of them must be

reclassified or discharged, under current military regulations. Among this group, members

of the orthopaedic staffs of two Army Hospitals* in the Pacific Area have found an unusual

number of patients with a characteristic neuromuscular syndrome, which constitutes a

genuine, chronic physical disability. This condition does not seem to have been described

or named previously.

Fibrodystrophy may be defined as a chronic, non-progressive muscle dystroph}^ char-

acterized by generalized weakness and contractures of all skeletal muscles. Most marked
are the contractures of the erector spinae, the hamstrings, the calf muscles, and the ex-

tensors of the toes. Certain neuromuscular deficiencies of function appear as symptoms,
such as poor coordination, inability to acquire skills which depend on fine muscle move-
ments, and rapid exhaustion on physical exertion. Synonyms which could be used to

describe this condition include “chronic myofibrosis”, “chronic muscle contractures”,

“tightness of ligamentous structures”, and “muscular fibrosis”.

Onset of the Disease

In all of these cases the onset of the disease, when known, dated back manj’- years.
A majority of the patients were not aware of any physical handicap when they entered
the Army; but, during physical training or subsequent combat duty, they found themselves
lacking in physical stamina and strength. Thus the onset of symptoms and the recognition
of their residual disability by most of these men occurred during the performance of duty
with the Armed Forces.

distribution of the Disease

During this study, large groups of men were examined in Army camps in Mississippi,
Colorado, California, the South Pacific, the Philippine Islands, and Japan. They included
soldiers from every state of the United States. In proportion to its population, no one part
of the country contributed a larger number of cases of this syndrome than any other.

Incidence of the Syndi'ome

For this report, 264 cases of muscle fibrodystrophy have been studied and compared,
lese cases have been detected among approximately 12,000 patients, seen personally in

oit lopaedic clinics and wards of Army Hospitals during the past three and one-half years.
medical colleague, in an Evacuation Hospital in the South Pacific, has estimated that,among the 20,000 patients admitted to that Hospital in a two-year period, he had seen at

The 31st General Hospital and 25th Evacuation Hospital.
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least 200 additional cases of this condition. An incidence of 1 per cent, of the Araiy
population is probably a conservative estimate. In a report by Kuhns, covering tightness
of ligamentous structures in children, is a description of a similar condition occurring in
10 per cent, of a number of children whom he examined. It is possible that a survey of
the civilian population would reveal an incidence of this syndrome of between 1 and 10
per cent.

Pathological Findings

The gross and microscopic pathologj’- of this disease have not been fully demonstrated.
In the Army, the opportunity was not given of doing a significant number of muscle
biopsies. A few specimens which were examined suggest that there is an abnormal replace-
ment of skeletal muscle fibers by connective tissue. One biopsy section was interpreted by
the pathologist as “fibrosis and atrophy of skeletal muscle with fat and connective-tissue

replacement”. These sections were not diagnostic of a definite disease or of any single

pathological process. No physiological or neuropathological investigation of the syndrome
has been undertaken.

Clmical Description

The clinical picture of muscle fibrodystrophy is best illustrated by a typical patient.

A white soldier, twenty-two j^ears old, in the fourth week of his basic training, was referred to tlie

Orthopaedic Clinic for consultation. His chief complaint was severe pain in the muscles of his back and

legs, occurring after a ten-mile hike, during which the patient carried a full infantry pack. For the three

days since the march, these muscles had remained sore. The patient stated that he was unable to

^ntinue hikes or the usual morning calisthenics.

His past medical history showed no serious injuries, operations, or illnesses. At the age of sixteen

Ae had been mildlj' ill for about three weeks in the summertime, with a condition which his family

doctor diagnosed as “muscular rheumatism”. He stated that during this sickness his muscles were “sore

all or-er”. He noticed considerable weakness when to'ing to walk, after getting out of bed for the first

Fig. 1 ^
„

Fig. 1 : Contractures of erector spinae and hamstrings. Patient with

the forward-bending test, trying to touch the floor with his finger tips while holding the knees straight.

Lumte^spTnl'is'Sened and fonvard flexibility is limited, due to contracture of the sacro-

Hamstring tendons are prominent; knees tend to flex before patient i caches his toe^, due

rIt'SrleTfthytal effort, there remains a distance of ten inches or more from finger tips

Contractures of calf muscles. In the ankle-dorsiflexion test, the patient lies supme with
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Fig. 3 .
Fio- 4

Fig. 3; Contractures of hamstrings. In the hamstring test, tht patient lies supine with hips held

at a right angle, tiying to extend his knees fullj’.

E: Angle of extension is 150 degrees, due to contracted hamstrings (combined effect of contrac-

tures of the biceps femoris, semitendinosus, and semimembranosus).
F: Note prominence of hamstring tendons at extreme of phj’sical effort.

Fig. 4: Contractures of thoracic muscles. In the thoracic-muscle test, the patient tries to touch
his toes to the floor above his head.
G: Note inability to reach the floor with the toes, due to some degree of contracture of all dorsal

body muscles.

time. Later, he believed, he was never again quite so strong as he had been. While engaged in farm

work, he would tire more quickly than other men on the same job. In high school he enrolled for a

course in typewriting, but after three months he had to give it up because he could not attain the speed

required. In athletics he tried out for football, but in spite of being a tall and heav}' boy he made only

the third team. He was clumsy in passing the ball and became quite exhausted after a short scrimmage.

On induction into the Army, he passed the required examinations and was given top classification

for physical fitness and suitability for combat duty. Earlj’- in basic training, he found that calisthenics

were more difficult for him than for other soldiers. On forward bending, he could not touch the ground
with his finger tips. His feet and legs became ver3>- tired after a few minutes of running in position.

When standing at attention, he found it difficult to keep his abdomen flat. He stated that he felt like a
‘farmer in uniform”. He made short hikes easily; but, during long hikes and marches on paved roads
and parade grounds, soreness developed in the muscles of his legs and thighs, and did not disappear after
a night’s rest. He had no complaints concerning his other body S5'stems, and he seemed quite desirous
of completing the course of basic military training with his friends.

I’lij’’sical examination showed a well-developed, well-nourished young man in apparently good
health. His height was six feet, weight 175 pounds. His posture showed a moderate increase of lumbar
lordosis and a prominent and relaxed abdomen. The gait was good except for eversion of the feet of
about 20 degrees, due to tight calf musculature. Laterally, his spine was straight. The small toes on both
feet cocked up and barely touched the floor when he was standing. Examination of the head, neck, chest,
and abdomen disclosed no other abnormalities. Examination of the muscular system showed that, while
us skeletal muscles appeared normal in size and contour, they seemed softer than normal and lacked
normal muscle tone. In testing his joints for range of motion, it was demonstrated that the apparent
imitation was not due to any abnormality of the articulations of the spine and extremities themselves

;

ut the restriction was in the lengths to which his muscles could be stretched.

^emoijst ration of Muscle Contractures

1. In bending forward, while standing with knees extended, the patient’s finger tips could not reach
coser than ten inches from the floor (Fig. 1). In this position, flatness of the lumbar spine W'as noted,
ue to contractures of the sacrospinalis muscles, which limited forward flexibility of the lumbar joints
I ’e checkreins”. At the extreme limit of bending, his knees would flex slightly and the hamstring
en ons w-ould appear prominent, due to contractures of the muscle bodies of the hamstrings.

p
'When Ijdng on his back, dorsiflexion of the feet at the ankles was limited to 90 degrees, regardless

u V lether his knees were flexed or completely extended (Fig. 2). This tightness of the calf muscles
appeared to be due to contractures of both the gastrocnemius and soleus. On plantar flexion of the ankles,
oje

oes assumed a cock-up position, due to contractures of the long extensor muscles of the toes. Joints
1C eet and of the toes were verj^ fle.xible, and there were no bone or joint deformities.
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3. In attempting the straight leg-

raising test, his knees could not be ex-

tended to more than 165 degrees. This

was due to the bilateral contractures of

the hamstrings (Fig. 3).

4. Contractures of all thoracic

muscle groups were further shown by
having the patient attempt to touch his

toes to the floor above his head, while

lying on his back (Fig. 4).

5. In a sitting position, bending for-

ward, he could not bring his fingers closer

than ten inches from his toes, and his

knees would flex upon further effort. In

ti-j'ing to touch his head to his extended

knees, he could not come closer than a

distance of about ten inches (Fig. 5).

6. Palpation of the muscle groups

in which the patient complained of pain

showed that they were tender and slightly

swollen at the junction of the muscular

and tendinous portions. The sacrospinalis

muscles were tender over their insertion

on the sacrum.

The findings on neurological examination were within normal limits. All muscle and tendon re-

flexes wei’e present, but slightly diminished. The Babinski and Romberg signs were absent. There was

no spasticity or clonus. Temperature, pulse, respiration, and blood pressure were normal. Roentgeno-

graphic examinations of the lumbar spine and the feet showed no abnormality or congenital anomaly.

The clinical diagnosis was moderate muscle fibrod5'-strophy, caused by an undiagnosed illness at

the age of sixteen.

Fig. 5

Contractures of erector spinae. In the trunk-flexion
test, the patient attempts to touch his head to his knees
from a sitting position.

: Note distance of ten inches or more from forehead
to patellae.

/: Lumbar spine is flattened as a result of contracted
sacrospinalis muscles.

J : Hamstring tendons are prominent as knees tend to
flex at extreme of physical effort.

CLINICAL FINDINGS

Variations in the Disease

Patients were referred to the orthopaedic consultant with a variety of symptoms and

diagnoses. The clinical impression of the referring physician varied from “arthritis” and

“neurosis” to “acute polyarticular rheumatism” and “malingering”. "Myositis”, “fibro-

sitis”, “strains” and “sprains" of muscles and joints, “tenosynovitis", and “psychoneurosis”

were also frequent diagnoses. The symptoms, however, showed very few clinical variations.

The patients most often stated that their symptoms had been brought on only by severe

and unusual physical exertion. They complained of muscle soreness, tenderness, and pain

on stretching their fatigued muscles. These symptoms were relieved by rest, beat, and

massage; on return to duty—no matter how much they exercised—-their muscles still

remained weak and they would have recurrences of their symptoms after marches, hikes,

obstacle courses, and similar training procedures.

Medical History

The medical histories of these patients are of unusual importance, as they indicate

the probable etiology of this syndrome. Of the 264 patients included in this study, 112

dated their disability from some definite illness in childhood. Forty-eight of these stated

that this illness was a recognized attack of “infantile paralysis” (Table I) . Fmm then

own memories or from information received from other members of their families, a fev

could give further details. Twenty of these patients had been hospitalized for infantile

paralysis and discharged as “cured”, after from three weeks to six months of treatment.

Twenty-eight others were treated at home by their family physicians, who in most cases

liad stated that the patient had fully recovered from a mild case of poliomyelitis, withou

residual paralysis or deformity. Sixty-four others gave a positive history of some episode

in childhLd which closely resembled a mild attack of poliomyelitis. These illnesses ne
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TABLE I

Past Medical Histohy

variously described as "epidemic fever”, “paralysis fever”, “flu in the throat”, “leg-muscle

paralysis”, “summer fever”, “muscular rheumatism”, “diphtheria paralysis”, the "flu”,

and the “grippe”. Several of the patients described symptoms which are common in mild

attacks of poliomyelitis,—such as, a preceding infection in the upper respiratory tract,

gastro-intestinal upset and vomiting, fever, sore throat, headaehe, and weakness in swal-

lowing, simulating a bulbar type of poliomyelitis. Almost all described muscle pain and

tenderness, stiffness of the neck, and stiffness and soreness in the muscles of the legs and

back. Many stated that they were weak for several months after their illness. Some of

them reported difficulty in learning to walk again, or had an unsteady gait after the illness.

On questioning, those who were afflicted in their teens often knew of other cases of infantile

paralysis in the same neighborhood during the summer months in which they were ill.

At the time, however, they did not realize that their illness might have been a mild form
of the same disease. Eight patients stated that some other members of their family had
been ill the same year with a paralytic form of poliomyelitis, including residual muscle
weakness and atrophy. Only nine were sure that the diagnosis of poliomyelitis had been
confirmed by spinal-fluid examination. Six had been in casts or splints during the acute
stage of the illness. Three patients had worn braces during the convalescent period. In one
patient a stabilizing operation of the right foot had been performed.

One hundred and fifty-two patients in this series could give no definite history of any
illness resembling poliomyelitis. Some of them had had severe illnesses in infancy or early
childhood, in which a definite diagnosis was not remembered by the patient. In spite of
the negative medical histories of the majority of these patients, there was no detectable
difference in the presenting symptoms and physical findings of those who knew that they
had had poliomyelitis and those who did not.

Careful comparison of the physical prowess and athletic ability of these patients indi-
cated many deficiencies. They had never been physically strong, as compared with other
hoys of similar ages. They had noticed unusual fatigue and exhaustion, and previously
they had attributed these symptoms to being “naturally weak” or “short of wind”. If this
condition had been recognized early in their lives, they had accepted it naturally and had
adjusted their physical activities to their disability, without being aware of the cause or
ull extent of their handicap. Most of them had been in sedentary trades or occupations
not requiring prolonged physical exertion. Only a few had been farmers. Most of them
^'cie students, clerks, salesmen, or oflice vsmrkers. In school they had not excelled in any
a 1 etic activity. If they engaged in competitive sports, they had failed to make the team.

tennis, swimming, or golf, but not on a competitive level. In
^ ition to rapid fatigue and exhaustion, they had noticed poor coordination, that they
neie Weaker than other men, and that their muscles had not developed in size or powder.

... coordination and fine muscle movement w^as also evidenced by poor hand-vu mg. Not a single patient had acquired the ability to play well any musical instruments
MIC I require finger coordination,—such as, the piano, stringed instruments, or reed instru-

ofT rir
^ 'contrast to their physical accomplishments, they usually showed a high record

sue”
^ scholastic performance in school and college, hlost of them had been

cess ul m business and social life. One fact found in evprtr llicfni’ir Ti-oc 4-U^ T„_l- P VI
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TABLE II

Bodt Tites

Asthenic habitus
Obese
“Muscle-bound”

Total

Number of

Patients

16S
80

16

264

progressive nature of this physical disability On this, the patients were quite definite

This is a characteristic and diagnostic feature of the syndrome.
In the Army, the majority of these patients failed to complete basic infantry training

Almost all of them had to be reclassified for limited duty because of muscle fibrodystrophy
It seemed apparent, however, that these patients had made more than an ordinary effoit

to complete their physical training, even at the expenditure of unusual amounts of physical

and nervous energy; and they had endured for some time considerable pain, fatigue, and

discomfort.

Physical Findings

Physical examinations of these patients showed three types of body conformation and

development The majorit}'^ of the patients comprised a group having asthenic habitus

and poor muscle development. They tended to be thin, stooped, and slightly under-

weight
;
thej*- had increased lumbar lordosis and prominent abdomens. The patients in the

second group were heavier in build and weight, but showed abnormal depositions of fat

The smallest group of patients showed good muscle development, but they were markedly

“muscle-bound” (Table II)

.

Postural and static deformities were common (Table III). The spine showed an

increased thoracic curve, increased lumbar lordosis, and scoliosis, with compensated

symmetrical S curves to both right and left and mild rotation. The pelvis was fiequently

tilted forward, but no obliquities were noted. Slight to moderate recurvatum was the most

frequent deformity noted in the knees, and there were several cases of slight to moderate

bowing of the tibiae. The deformity most frequently seen in the foot was cocking up of the

smaller toes. Pes planus and pes cavus were found in about equal numbers; they were

associated with contracted peroneal muscles or with contracted plantar fascia and short

flexor muscles of the toes, respectively. About 5 per cent, of the patients showed unilateial

asymmetry of the lower extremities. Slight to moderate atrophy of the thigh and calf

muscles frequently was present. Occasionally there was a measurable weakness in one or

TABLE III

Deformities

No. of

Deformities

Number of

Patients

No deformities

Mild defoimities

Scoliosis

Bound shoulders

Exaggeiated loidosis

Peh 1C obliquity

22
46
60
0
11

21

84

180

Unequal leg lengths

Unilateial muscle atiophy
3

Genu lecuivatum 18
Pes planus 33
Pes cavus 26
Cock-up of toes 4
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TAlil.E IV

Muscli: CoNTHAcruiiKs in 264 Patiunts

Muscle

Number of

Patients

Saciospuialis

Hamstungs
Calf muscles

Plantar fascia

264
264
140
30

Toe extensois
23

Upper tiapezius

Pectoial muscles

6

5

Psoas muscles 3

Miscellaneous 5

the other leg, chiefly in the anterior peroneal or quadriceps muscles. Several of the patients

showed shortening of the weaker lower extremity of from one-half inch to an inch. No
cases of weakness or atrophy of the abdominal or trunk muscles, or of the upper extremi-

ties, were noted.

The one positive physical finding common to all of these patients Avas contracture

and shortening of the sacrospinalis and hamstring muscles (Table IV) . No cases were

found which had shortening in one of these groups wdthout having contractures in the

other, also. INIost of the patients, however, had more extensive involvement than simply

these two muscle groups. Contractures of the calf muscles, plantar fascia, extensor muscles

to the toes, peronaei, tibialis posterior, hip adductors, longissimus dorsi, and pectoralis

major muscles wmre also frequent findings. Wherever tests for poor muscle development

and contractures of the spine and hamstrings were positive, a typical history of previous

physical handicaps and of other symptoms of muscle fibrodystrophy, confirming this

diagnosis, could be obtained. Neurological examinations of these patients showed no single

typical picture. Sensory examinations and the cranial-nerve examinations were always
normal, but the reflex response and the degree of muscle atrophy were extremely varied.

The most common finding urns that of diminished tendon reflexes, particularly in the lowmr
extremities. Tendon reflexes were absent in a few patients. Rarely, patients wmre found
to have hyperreflexia, wdth unsustained ankle or patellar clonus. The abdominal and
cremasteric reflexes wmre normal. The Babinski sign was absent in all cases.

The laboratory findings, in the forty-two patients who wmre hospitalized for study,
Were all within normal limits. The serology was negative. The red blood counts and
hemoglobin were normal. The white blood counts were not elevated. There wms no eosino-
philia. Urinalyses were normal. Roentgenograms of the chest wmre normal. Sedimentation
rates were not elevated. Malaria smears from a dozen patients were negative. Lumbar
punctures on eight patients showed normal cell counts and protein in the spinal fluid,
liiere was no evidence of circulatory block or of increased pressure due to cerebrospinal
nuid. Roentgenograms of the bones and joints in twmnty of the patients showed one con-
genital anomaly of the lumbosacral joint. There were four cases of wmll-compensated
Scoliosis. Two of the patients in the hospital had enlarged and chronically infected tonsils,
n several patients infected teeth required removal. The incidence of foci of infection wms

"'eiy small, and seemed in no way related to the patient’s symptoms of muscle pain.

^^jjerential Diagnosis

The findings in the 264 patients in this series diagnosed as having muscle fibrodys-
op iy resemble most closely the clinical picture of patients who have 'recovered from

ytic attacks of acute anterior poliomyelitis. HoweAer, generalized muscle contrac-
lues are the main features of fibrodystrophy. In paralytic poliomyelitis, the most notable
a vnes are the weakness and muscle atrophy which usually follow the paralysis.

K 1

'

1

types of muscle contracture are uncommon in the medical literature.ms las reported a congenital type of muscle contracture which he designates as “tight-
'01 29 ^0 1, 1947
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ness of ligamentous structures”. He found this condition in approximately 10 per cent, of
the children examined. Easy fatigability and pain in the back after hard playing were
common findings. A familial incidence was present in more than one-half of the cases, and
minor developmental deformities of the lower part of the back were found by roentgeno-
graphic examination in one-quarter of his patients. Kuhns believes that the contracture
is congenital in origin, but there may be acquired forms as a result of prolonged fixation

in bed, casts and braces, and vitamin-C deficiency.

The possibility that these cases of fibrodystrophy might represent some form of

myositis or chronic infectious myopathy has been considered. At the time of examination,
none of the patients showed evidence of any acute or chronic inflammatory or infectious

disease. In the involved muscles there was no sign of local inflammation or tender nodules,

such as are usually found in myositis or fibrositis. Fibrodystrophy can be differentiated

from rheumatism and rheumatoid arthritis by the normal sedimentation rate and the

complete absence of joint phenomena, periarticular swelling and tenderness, and arthritic

involvement of the joint surfaces. Roentgenographic studies of the joints in fibrodystrophy

disclose no pathological changes which are characteristic of, or can be associated with,

the disease process.

Chronic intramuscular fibrositis in the residual stages, as described by Slocumb,

resembles somewhat the picture of muscle fibrodystrophy. In intramuscular fibrositis,

however, an active disease process is present; and the symptoms are worse after periods

of inactivity than after exertion, as in fibrodystrophy. Patients with intramuscular

fibrositis have definite stiffness in the morning and aching pains related to changes of

temperature and humidity. The patients reported here had mildly aggravated symptoms

in cold weather, but they noticed no increase in fatigue or muscle pains due to dampness,

and morning stiffness was not a characteristic symptom.
The myopathies and the hereditary and familial diseases of the neuromuscular sys-

tem have been ruled out in the differential diagnosis of muscle fibrodystrophy. This

syndrome is not progressive in character; the onset may occur at any period during infancy

or childhood; spasticity and hypertrophy of the muscle bodies are completely absent;

abnormal reflexes are not present; and there is complete freedom of involvement of the

cranial nerves and of the functions of the cerebrum and cerebellum.

Other chronic diseases of the neuromuscular system have been ruled out by similar

comparisons. In chronic degenerative myelitis, sensory abnormalities are always present;

and a loss of sphincter control usually occurs in the advanced stages. In combined and

multiple sclerosis there are characteristic disturbances of gait; Babinski and Romberg

signs are present
;
and there is definite spasticity of the muscles and extremities.

Pi’ognosis

A number of these patients were followed for as long as three years in the Military

Service. During this time, none of them showed any progression in the signs and symptoms

of the disease. Some, who had been aware of their physical disabilities for ten years or

more, stated that they had noticed no increase in muscle weakness, stiffness, or other

changes, which could not be attributed to their advancing age. Since this syndrome is a

residual physical disability, rather than an active disease process, the prognosis for these

patients is excellent.

TREATMENT

In this series of patients, treatment was necessarily limited to their presenting symp

toms. These were, in order of frequency, pain in the muscles of the back an eg

,

tenderness in the muscles on stretching of the musculotendinous junction, ^xh^u® lo

fatigue, and a feeling of muscle weakness and loss of strength. The mud c ..
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treated by physical therapy,—principally infra-red rays and massage; aspirin was given

for its analgesic action
;
and a request was sent to the patient’s military unit, recommend-

ing assignment to light duty for a period of from five to ten days, or until the muscle

symptoms disappeared. In the more severe cases, the men were admitted to the hospital,

where they were put on the regimen of bed rest and intensive physical therapy,—princi-

pally whirlpool baths, followed by massage, and active exercises for improving posture and

strengthening individual muscle groups. These patients were usually treated for from one

to three weeks. Those in whom the syndrome seemed so pronounced as to interfere with

their military duties were recommended for reassignment to other units, or to jobs in the

same unit which did not require so much marching, lifting, or carrying of heavy packs.

A total of seventy-two patients were reassigned to limited service. No patient had to be

separated from the Army because of this condition.

PSYCHOLOGICAL FACTORS

As with the majority of patients in the Military Service, attention had to be given to

the mental aspects of this condition,—as regards both symptoms and treatment. A large

number were referred to the orthopaedic clinics from the Neuropsychiatric Section of the

Aledical Service, where they had been admitted for study and observation. Some had
already been given various neurological or psychiatric diagnoses. “Neurasthenia”, “effort

syndrome”, "unclassified psimhoneurosis”, “hysteria”, “anxiety state”, “suspected malin-

gering”, and “constitutional psychopathology” were the most frequent functional diagnoses

applied to this syndrome. There wms justification for the development of a mild psycho-

neurosis in some of these patients. They became aware that they had a disease condition

which produced definite symptoms, but in the diagnosis of which the doctors could not
concur, explain in terms which the patient could understand, or treat so that the symp-
toms would not return. When first examined, many patients were tense, nervous, ^’^orried

about their physical state, apprehensive about the possible progress of the disorder, and
resentful of the fact they ^^ere considered “mental patients”, when the symptoms in the
beginning had been only in their muscles. The best psychological treatment was to explain
to the patient in simple terms the true cause and nature of his disability. With the more
intelligent patient, the examiner would point out that the condition was not a “disease”,
but was merely the result of an infection in childhood,—probably a mild attack of polio-
inyelitis. The patient would be reassured that it -^vas not serious, not progressive, and not
in any way a threat to future health and earning power upon return to civilian life. It
'vas demonstrated that the symptoms could be relieved by short periods of physical
therapy, and that they could be avoided by keeping physical exertions 'udthin the limits
of strength and endurance. Exercises were recommended and sports were suggested in
which the patient -nmuld not be so apt to strain himself,—that is, swimming, horseback
iiding, golf, and daily calisthenics. These patients were encouraged to build up their
general physical strength and endurance by regular periods of active exercise; but they
neie advised to rest before their symptoms became noticeable. The less intelligent soldier
vas told that his symptoms were due to the fact that he was “muscle-bound”. He was
assured that it was not a serious condition

;
that it would never be any wmrse

;
and that, by

oing careful not to overexert himself, he could lead an active life -ndthout recurrence of
his sjnnptoms.

The results from treatment—both physical therapy and this type of psychotherapy

—

eie excellent. In fact, the effects of treatment were so good as to constitute a valuable dif-
lential test between this syndrome and the purely psychoneurotic disorders. The patients

fibrodystrophy responded rapidly and completely to treatment; they noticed
e nite improvement with each day of physical therapy

;
and in from one to three -^meks

^ley were ready to return to duty. The psychoneurotic patients, on the other hand, -umre
y relieved only temporarily, or not at all, by physical therapy. iMoreover, -^vhen a
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psychoneurotic patient was ordered “to duty”, it was very common to note an acute
“recurrence” of all his previous symptoms.

ETIOLOGY

In the medical histories of this series of patients, there was such a high incidence of
acute anterior poliomyelitis that the author has concluded that poliomyelitis is the most
important cause of this syndrome. A careful comparison of cases in which there was no
definite history of poliomyelitis showed that the symptoms and physical findings were
identical with those of patients wdio had a positive history of poliomyelitis. This suggests
the hypothesis that acute anterior poliomyelitis is the only cause of muscle fibrodystrophy.

This theory is supported by the observations of other workers, reported within the

past few years, on the high incidence of non-paralytic forms of poliomyelitis. Sherman,
in a review of the medical literature and a report of seventy cases, has emphasized that

only 10 per cent, of her patients with acute anterior poliomyelitis had sufficient .residual

weakness to require braces or future surgery; 8.6 per cent, had functional -weakness, which
did not require further therapy and -nms not a handicap to normal life; and 72.8 per cent,

either had no residual weakness or such slight weakness that it was barely detectable

(8.6 per cent, of the patients died) . Hoivever, her patients were not followed for a suffi-

cient length of time to determine the incidence of deformities or muscle contractures which

developed during the growth period.

Swartout and Frank, by using the presence of muscle spasms as a new criterion for

the diagnosis of acute anterior poliomyelitis by mild physical findings, were able to detect

multiple familial cases of poliomyelitis which -nmuld otherwise not have been diagnosed.

They reported Wenty-nine families -ndth multiple cases of infantile paralysis, many of

them so mild that, if it had not been for at least one severe case in the family, the other

cases would not have been correctly diagnosed. They further state: “The lack of recog-

nition of these mild cases may account in some measure for the difference between the

large number of adults who have protective substances in their blood against poliomyelitis

virus and the comparatively small number who have a history of having had the disease.

Um’ecognized, and therefore untreated, one-sided spasm may account for the frequent

orthopaedic problems of unexplained scoliosis and leg shortening.”

Electromyographic studies by many -nmrkers within recent years have demonstrated

that muscle spasm in acute anterior poliomyelitis is a more extensive symptom than muscle

weakness and paralysis. It is inevitably present in the muscles of the lumbar spine and the

hamstrings, and frequently it is present in the muscles of the upper and lower extremities.

Schwartz, Bouman, and Smith have emphasized that spasticity is a general phenomenon

in the early stages of infantile paralysis. By their studies, they have emphasized the

general systemic effect of this disease on the muscle system.

Nielsen, in 1944, reported four cases of a generalized subacute exhaustion syndrome

of the neuromuscular system, which the author believes could have been due to atypical

attacks of acute anterior poliomyelitis in adults wdio were physically exhausted at the

time of onset. His cases differ from these considered here in that their onset was in adult

life and was associated with considerable muscle atrophy.

Many patients have been examined by the author, who showed some degree of muscle

spasm resulting from diseases other than infantile paralysis, but it is significant that m

none of them did muscle contractures or fibrosis develop subsequently. Six patients with

encephalitis in an overseas Army Hospital all had, temporarily, stiff necks and spasm of

the spine muscles during the acute course of the disease. Over one hundred cases oi

meningococcal meningitis were seen in an epidemic in an Army camp in this country.

Transient muscle spasm was found in the neck, spine, and hamstrings, and frequently m

the hip and shoulder muscles. Temporary atrophy was the rule with these patients, ye

no permanent muscle contractures or fibrosis was seen after a follow-up of three inon
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More or less involvement by muscle spusm, during some stage of the acute attack, occurs

in rheumatism, rheumatoid arthritis, myofibrositis, and infectious polyneuritis. Peri-

articular fibrositis, with limitation of joint motion, occurs in rheumatoid arthritis; but this

is quite different from the limitation of joint motion after poliomyelitis. In poliomyelitis

the limitation is due to muscle spasm, and finally to interstitial fibrosis in the muscle body.

The joints themselves and the joint capsules arc seldom involved, and they more frequently

show relaxation and hyiiermobility than contractures and fibrosis.

New information on the extent and the contagious nature of poliomyelitis in children

has been reported by Casey and his co-workers. They found that poliomyelitis was con-

tagious in about 90 per cent, of children from one and one-half to three and one-half years

of age. Multiple cases of poliomyelitis in one family were the rule rather than the excep-

tion, when there were other children from one and one-half to eight and one-half years of

age in the same home. These authors investigated the immediate family and the neigh-

borhood of seven paralytic cases of poliomyelitis. Of sixty-six persons in contact with

these seven during the infectious period, illnesses which w^ere compatible wnth polio-

myelitis developed in thirty-seven, within six to fifteen days; and twenty-four persons

were definitely considered to have poliomyelitis. This is a ratio of infcctivity of sixty-one

to sixty-six. In two control groiprs among 224 persons who w'ere not in contact with polio-

myelitic patients, illnesses compatible wdth poliomyelitis developed in only nine, and not

one was a significant clinical case. This is further proof that the number of persons in-

fected with poliomyelitis among the general population is much greater than clinicians

have previously realized. It is the author's opinion that, among this large group of patients

with mild, abortive, non-diagnosed, and non-paralytic forms of acute anterior polio-

myelitis, the clinical syndrome of muscle fibrodystrophy develops in an unknown number,
with subsequent lifelong physical disability and occupational handicaps.

Smith and her associates, in a study of the origin of an epidemic of poliomyelitis in

Buffalo, have demonstrated that, preceding an epidemic of recognized cases of polio-

myelitis with paralysis, there are in the community many minor illnesses w'hich are non-
paralytic forms of the disease. These are often not recognized by the patients, their

families, or their physicians as poliomyelitis until the paralytic cases begin to appear.
These investigators have estimated that the incidence of illnesses in the community, which
were highly suggestive of being non-paralytic forms of the disease, was at least five times
the number of recognized poliomyelitis cases. All gradations of symptoms and of severity
were encountered, and as late as one year after the epidemic some patients had signs and
symptoms—such as a degree of residual weakness, atrophy of one leg, and other deformi-
ties—which finally confirmed diagnoses of poliomyelitis in w'hat otherwdse seemed to be
mild illnesses.

SUMMARY

Tibrodystrophy is the proposed name for a neuromuscular syndrome, found in a series
of 264 patients from the United States Army. It was originally discovered as a cause for
soldiers’ complaints of excessive pain and fatigue in their muscles after moderate physical
exertion.

Patients with this condition are characteristically lacking in athletic ability. They
lave great difficulty in acquiring skill in occupations requiring fine muscle coordination,
such as typewriting, playing musical instruments, and in rifle marksmanship.

Physical examinations show" three body types,—^“asthenic”, “obese”, and “muscle-
ound Five simple muscle tests demonstrate the common findings,—contractures of the
01 sal musculature of the body, particularly of the erector spinae, the hamstrings, and
le calf muscle groups. Mild deformities—such as scoliosis, pes planus, and dorsiflexion

0 the interphalangeal joints of the toes—are frequently found, along w'ith moderate
muscle weakness and occasional atrophy.
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The syndrome is a cause of lifelong physical disability, but it does not seem to be

progressive after the adolescent growth period. Individuals thus affected, on entering

military service, frequently for the first time became aware of their poor muscle develop-

ment, impaired coordination, and lack of physical endurance.

The etiology of fibrodystrophy is presumed to be abortive or non-paralytic attacks o

acute anterior poliomyelitis during the patient’s infancy or childhood. A significant mini

her of patients in this series either had a recognized case of poliomyelitis in their youth o:

some illness clinically similar to the milder forms of this disease. The muscle contractures

which are the outstanding clinical and diagnostic features of the syndrome, are considerec

to be the residual pathological changes of interstitial muscle fibrosis and atrophy, following

the untreated muscle spasm of the acute illness.

Treatment of this condition, consisting of rest and physical therapy, is successful ir

relieving the patients’ symptoms of muscle pain and tenderness. For the permanent patho-

logical changes in the muscles, no specific treatment is known. The soldiers in this series

were reclassified for “limited service” and duty not requiring prolonged physical exertion.
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PSEUDARTI-mOSIS OF THE LONG BONES

BY ISIDORO BBtlMKNFELt), M.D., IOWA CITY, IOWA

From the Department oj Orthopaedic Surpcry*, Slate University oj Iowa, Iowa City

Non-union of fractures is not a new subject. However, it is easy to associate the

occurrence of fractures to some extent with modern living, in which serious injuries fre-

quently occur in civil as well as in military life. It is perhaps more appropriate to relate

non-union to some of the newer ideas concerning the treatment of fractures. Many sur-

geons of the past century, like Malgaigne and Bardenheuer, never saw pseudarthrosis in

closed fractures of the shafts of the bones, because they reduced the fractures accurately

and kept the bones immobilized long enough to secure healing.

In accordance with Bruns’s statistics, quoted by Bolder, pseudarthrosis occurs once

in 200 or 250 cases, or in 0.5 per cent, of all diaphyseal fractures
;
according to Scudder, it

occurs in from 2 to 3 per cent.
;
and according to Hey Groves, in from 4 to 5 per cent. Bado,

in his thesis in 1941, says that pseudarthrosis is a very rare condition; and, for its occur-

rence, it is necessary that a strong and persistent foreign factor, opposed to the natural

tendency of bone healing, be present. This factor, according to Bado, is almost always an

incorrect method of treatment. Watson-Jones considers that: “Non-union of fractures is

due to the failure of surgeons much more than to the failure of osteoblasts”. Of course,

pseudarthrosis is not a disease. It is normal for a fractured bone to heal, and non-union

can almost always be avoided. In a series of 800 consecutive fractures of the shaft of the

femur or tibia recently investigated by Watson-Jones, all types of treatment were used.

A. high percentage of these fractures were comminuted, contaminated, and severely in-

fected. Because good orthopaedic methods were used, there was not one case of non-union
in the entire series, although many fractures were slow in uniting. Ottolenghi from Buenos
A.ires, in a series of 172 fractures of the shaft of the humerus, reports only thirteen cases
of non-union; and specifies that, of these cases, twelve were treated elsewhere, indicating
that he had only one case of non-union in the series. Open reduction was used only eight
times.

The present paper is based upon work done at the Orthopaedic Department of the
State University Hospitals, Iowa City. Since most of the original fractures were treated
elsewhere, it is not possible to give percentages of non-union in relation to the number of
fractures treated. It is possible, however, to be analytical, and to review and institute

TABLE I

Distribution of Cases

Bones

Bemur
Tibia

Tibia and fibula
Uiimerus
Radius
Ulna

Radius and ulna
'-lavicle

Females Males Total

No. of Cases Per Cent. No. of Cases Per Cent. No. of Cases Per Cent.

3
16

2

12

1

1

3
3

2.2

11.9

1.5

8.9

0.7

0.7

2.2

2.2

18
32
4
6

6
7

19

2

13.4

23.7

2.9

4.5

4.5

5.2

14.0

1.5

21

48
6

18

7
8

22
5

15.6

35.6

4.4

13.4

5.2

5.9

16.2

3.7

Totals

* •

41 30.3 94 69.7 135 100.0

Service of Arthur Steindler, M.D.
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TABLE II

Development of Pseudarthrosis

Ages
( Years)

Number
of Cases Per Cent.

5 to 10 5 3.7
11 to 20 16 11.9
21 to 30 26 19.3
31 to 40 25 18.5
41 to 50 25 18.5
51 to 60 15 11.1
61 to 70 18 13.3
Over 70 5 3.7

Totals 135 100.0

details of treatment which might decrease the incidence of this disconcerting complicatioi

Of 346 cases of pseudarthrosis seen in this Department from 1935 to 1945, 391 bones wer

involved. One hundred and thirty-five cases of non-union involving the long bones wer

selected, excluding cases of pseudarthrosis of the femoral neck, which alone numbered 12f

The 135 cases mentioned form the basis of the present paper. Attention w'as focused onl;

on cases which had the characteristic signs of non-union, clinically or roentgenographi

cally,—namely, motion in situ or sclerosis of the bone ends. In accordance with thes^

criteria, some cases should have been included which had motion at the fracture site, bu

they were thought to be merely cases of delayed union. It w^as believed that in these casei

the bones wmuld heal if immobilized long enough, and consolidation did occur in many o:

the cases handled in this manner. They are not included in this paper.

Table I indicates the distribution of cases according to sex and location. These figures

cannot be used as a criterion for the frequency and distribution in the general population;

but only as an indication of the frequency in the present series. The author feels that these

ratios are related to the activities and occupations of the two groups.

The ages at which pseudarthrosis developed in this series are showm in Table II. The

youngest patient was five years old and the oldest w^as eighty-four.

The relationship between the pseudarthi'osis and the type of fracture was analyzed.

Table III points out the number of compound and simple fractures in which non-union

developed. The frequency of occurrence of non-union in simple fractures may be explained

by the fact that the number of simple fractures far exceeds that of compound fractures,

and also that generally the treatment of the simple fractures W’’as more neglected.

TABLE III

Occurrence of Non-Union

Compound Fractures Simple Fractures

Bones
No. of Cases

1

Per Cent. No. of Cases Per Cent.

Pemur
Tibia and fibula

Humerus
Radius
Ulna
Radius and ulna '

Clavicle

8
27
5
0
3
8
0

5.9

20.0

3.7

0
2.2

5.9

0

13
27
13
7
5
14

,5

96
20 0

9.6

5.3

3.7

10.4

3.7

Totals 51 37.7
1

84 62.3
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The causes of non-union, as reported by many authors, arc the following: (1) gross

separation of the fragments; (2) interposition of soft tissues
; (3) improper immobilization;

(4) damage of the nutrient artery; (5) inadequacy of blood minerals, like calcium and

phosphorus, or deficiency of vitamins C and D; and (6) pathological conditions of the bone,

such as carcinoma or Paget’s disease. In the light of present knowledge, it is practically

impossible to consider one factor alone as the cause of non-union. It is evident that in some

cases there is inadequate consolidation, but the etiology of this abnormality is difficult to

ascertain. However, the surgeon can aid consolidation by (1) efficient apposition of the

fragments, (2) adequate and uninterrupted immobilization, (3) prolonged immobilization,

and (4) the avoidance of repeated attempts at reduction. Some features of this subject

are surprising and inexplicable. For instance, we see many robust, healthy individuals

with fractures which \vould be expected to heal without incident; yet pseudarthrosis is

obtained. On the other hand, w'e see cases of osteogenesis imperfecta with multiple frac-

tures which heal well. Steindler quotes Muscatello and Damarchelli, who in 1899 found

that, even after section of the peripheral nerves, there was no disturbance in the formation

of callus, and consolidation occurred wdthout complication.

Inadequate circulation is 'often mentioned in the literature as a major factor in the

production of non-union. It is easy to understand that an inadequate supply of blood can

be of paramount importance in the healing of fractures of the femoral neck or of the

carpal navicular; but the explanation is not so clear in fractures of the shafts of the long

bones, since the circulation is assured by the rich blood supply of (1) the nutrient artery,

(2) the periosteal arteries of the shaft, and (3) the periosteal arteries of the epiphysis. The
nutrient artery divides in the marrow into two branches, one going upward and one down-
ward. The main branch of the nutrient artery follows the direction of the nutrient foramen;

and it will course distally in the humerus, proximally in the femur, and so forth. Both
branches of the nutrient artery give off smaller branches for the nutrition of the marrow
and those which penetrate the haversian canals and then anastomose wdth the arterial

ramifications which come from the periosteal arteries. When the branches of the nutrient

artery terminate in the epiphysis, they anastomose with the ramifications that the epi-

physis receives from the periosteum. The periosteal arteries of the shaft arise from the

periosteum. They are present in large numbers and penetrate the bone through third-order

foramina as capillaries within the haversian system, anastomosing as already described.

The periosteal arteries of the epiphyses originate from the periosteal layer which lines the
epiphysis, and penetrate through second-order and third-order foramina. This would in-

dicate that the three systems of arteries having such good anastomoses provide adequate
circulation for bone nutrition, even in cases wdiere there might be some interruption of any
of these systems.i

In Table IV are recorded the locations of the fractures of the long bones. Of the 135

Bone

TABLE IV

Locations of Fractures of the Long Bones

Femur
Tibia

Humerus
Ulna
Radius

Totals

Total
Number

Upper Third
Junction of
Upper and

Middle Thirds
Middle Third

Junction of
Middle and
Lower Thirds

Lower Third

No. Per Cent. No. Per Cent. No. Per Cent. No. Per Cent. No. Per Cent.

21 6 28.6 0 0 9 42.8 3 14.3 3 14.3
54 11 20.4 4 7.4 17 31.4 11 20.4 11 20.4
IS 2 11.1 1 5.5 5 27.8 3 16.7 7 38.9
24 4 16.7 4 16.7 0 0 12 50.0 4 16.7
25 2 8.0 1 4.0 12 48.0 5 20.0 5 20.0

'l

441
1 2b

j
10 1 1

1
34 I

1 30

'OC. 29, xo. 1, JANUARY 1947
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TABLE VIII

Massive Onlay Graft Secured with Chromic Catgut

Bones Number of Cases
Res

Good

ults

Poor

Humerus 3 0 3
Tibia 1 0 1

Radius and ulna 1 0 1

Ulna 3 1 2

Totals 8 1 7 (87.5%)

strated experimentally that the periosteum contributed little in the formation of new bone.

In dogs, where the periosteum was removed from the graft, a fibrous periosteum developed

in the surrounding connective tissue. This fibrous periosteum, in four out of five dogs,

showed evidence of a more cellular development and more formation of young bone tha

occurred in those in which the periosteum had not been removed. Clay Ray Murray state

that: “New bone will form in the normal adult human tissues only in undifferentiatei

connective tissue in the presence of available and sufficiently locally concentrated calciur

and, possibly still more important, phosphate, and in a medium having a pH not too fa

to the acid side. ... In bone grafting, our problem, then, resolves itself into placing i

readily vascularizable calcium structure in a freshly prepared rich capillary bed, . .

eliminating movement between the graft and the bone host, and maintaining optimun

efficiency in the local minute circulation during the period of incorporation of the graf

.
with the host.” Using these principles in the surgical procedures, Murray advises;

1. Preoperatively: To improve the condition of atrophic bones and poor muscles; t(

^^jat scars or other skin conditions; and to eliminate infection.

2. Operatively: To have tissues of good viability m sffu.

3. Postoperatively : Perfect immobilization.

In this paper, it is not intended to go deeply into the surgical technique, since all thf

details have already been described in the extensive literature on the subject. It is sufficieni

to mention that practically the only two methods used today are the inlay type of bone

graft, used especially by Albee and his followers, and the massive onlay grafts. The inlay

or countersunk, graft came into general use about 1912, and for many years was the method

of choice. In 1927 and 1928, Campbell in Memphis, Tennessee, and Henderson in Roches-

ter, Minnesota, developed the method of massive onlay grafts. In 1936, Henderson said:

“Experience has taught us that the larger the graft, the better the chances of success”. He

called his graft the “massive graft”, whereas Campbell called it an “onlay graft”. It

might be more appropriately designated a “massive autogenous onlay graft”.

Some changes have been made in the original technique, the principal one being the

combined use of massive onlay grafts and vitallium screws to accomplish good internal

TABLE IX

Inlay Bone Graft Fixed with Chromic Catgut

Bones Number of Cases
Results

Good Poor

Femur
Tibia
Radius and ulna

Radius
Humerus

3
10
6

1

1

3

5
3

0
1

0

5

3
1

0

1

Totals
21 12 (57.1%) 9 (42.9%)
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TABLE X
Intluval BI:T^\ ebn Injuiiy and Tucatmbnt

Time Intel val Numbei of Cases

Less than C months 8

6 months to 1 year 38

1 to 2 yeais 17

2 to 3 yeais 10

Moie than 3 yeais 11

Total 84

fixation. The reports of this technique by Campbell anjd Boyd in the United States and by

Meekison in Canada are sufficiently clear and detailed so that further description is not

necessary.

Methods and Techniques

On the 135 cases of non-union in this study, 106 surgical procedures were performed.

Tables VI, VII, VIII, and IX show the results of onlay grafts with various modifications.

Good results are those with solid union and poor results are those with persistent non-union.

In one case of non-union of the radius, a massive onlay graft was used with a plate and

vitallium screws. Solid union occurred, but infection was present. In five cases of non-

union of the tibia, the use of massive onlay grafts with vitallium screws was combined
with inlay grafts. The results were good in three cases; non-union persisted in the other

two cases.

These figures indicate that much better results were obtained with grafts secured with

vitallium screws, and imply that the important factor is adequate immobilization of the

graft.

For more than twenty years, Campbell has been using bone pegs to secure bone grafts.

Lately the results with vitallium screws, used to fix the grafts, have been so gratifying that
the use of bone pegs has been practically abandoned. The vitallium screws provide better

mechanical fixation and simplification of technique. Campbell and Boyd report 93.2 per
cent of good results and 6.8 per cent, of unsuccessful ones. In Table VII are noted the
results obtained with massive dual onlay bone grafts. These surpass the results obtained
by other methods. The results are more significant, since the success with this procedure
was obtained in cases where other surgical bone-grafting procedures had failed. The
results with one or two massive onlay bone grafts (88.2 per cent, and 87.5 per cent, of good
results) give a clear idea of the value of the method, when compared with the 87.5 per cent,
of poor results obtained when the graft was fixed with chromic catgut.

The inlay method of Albee is characterized by precision and accuracy in fitting the
graft into a prepared bed. The results in this series with inlay bone grafts are showm in
Table IX. In seven fractures of the tibia, sliding inlay grafts were fixed with chromic
catgut. The results were good in five cases and poor in two. In one case, an inlay bone
graft fixed with bone pegs also resulted in failure. Of two cases of pseudarthrosis of the

TABLE XI

Postoperative Infections in 135 Cases

Bones Number of
Cases

Previous
Infection

No Pievious
Infection

Previous Open
Reduction

Previous
Compound
Fracture

tibia

Humerus
Radius and ulna

5
1

3

1

1

1

4

0
2

3
1

2

2
0
2

totals
9 (6 6%) 3 (2 27o) 6 (4 4%,) 6 (4 4%,) 4 (3 0%,)



104 ISIDORO BLUMENPELD

TABLE XII

Follow-Up After OPER-iTiOiV

Time Number of Cases

6 months to 1 year 18
1 to 2 3''eais 29
2 to 3 jmars 12
More than 3 yeais 25

Total 84

tibia treated with inlay bone grafts fixed with vitallium screws, one resulted in good union

and one in failure. Another case of non-union of the tibia was treated with an inlay sliding

bone graft and held with a vitallium screw; this resulted in solid union. Finally, three

cases of non-union of the ulna, treated with inlay and onlay bone grafts fixed with chromic

catgut, resulted in two failures and one case of solid union.

A consideration of the various techniques shows that the results with massive onlay

bone grafts fixed with Autallium screws are obviously more favorable. Another significant

point is that, when dealing with an easily exposed bone, like the tibia, the inlay procedure

is relatively simple. However, when grafting the small bones or the deeply placed femur,

it is a much more difficult problem.

During surgery, it is the policy in this Department to resect the sclerosed bone ends

until a good bleeding end is obtained and then, by drilling, to open up the marrow cavity.

Occasionally it is necessary to resect a few inches of the affected bone, which results in a

shorter limb. It is therefore important to inform the patient, before operation, that his

xtremity may be shorter than it was before.

The interval between injury and treatment varied from two months to more than three

years (Table X)
;
one patient had a pseudarthrosis for more than ten years. Relatively

few patients are operated upon within six months of the time of injury. This arbitrary

time limit gives the bones the maximum chance for healing before surgical intervention

is attempted.

In cases where suppuration was present, no bone-grafting was tried until there had

been complete cessation of infection for at least six months. In only one case was grafting

attempted within six months, but union was obtained. In nine cases suppurative processes

were present after surgery (Table XI)
,
but healing was finally obtained in five of them.

The incidence of postoperative infection was 6.6 per cent. Henderson gives an incidence

of postoperative infection in similar cases of 18 per cent.®

In this Clinic, local sulfonamide therapy is seldom used; in five cases of non-union

where sulfonamides were used locally after bone-grafting, there were three cases of success-

ful union but two cases of failure. Emphasis is placed upon careful preoperative prepara-

tion of the patient, and asepsis during surgery.

Ages
(Yeais)

5 to 10

11 to 20

21 to 30

31 to 40

41 to so

51 to 60

61 to 70

Totals

TABLE XIII

Relation of Age to Healing in Bone-Grafting

Suigeiy
(iVo of Cases)

Results

Good

3 3

12 11

20 16

18 12

15 11

7 6

12 8

87 67

Pool

0
1

4

6

4

1

4

20
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TABLE XIV

Failuui;s Akteu Bone-Giiaetino

C-ise

No.

Ty:)(’.s of Hotio G lafl.s

Drill-

ing

i

Infec-
tion

a^O

Frac-
ture
of

Seques-
trec-

tomy

Rc

Good

suits

PoorInlay

Screws

Slid-
ing

Onl.iy

V.YVV\
'

SCI'CHS

Inlay
anti

Bono
Peps

Inlay
0.V.U

Onlay

Dual
Onlay

Ininy
nn(l

Cln’oin'ic

Catgut

Onlay
and

Clirom'ic
Cnlgut

1 1 2 1 X

2 1
1

1
1 2 1

X

3 1 2 2 X

4 1 2 1 X

5 1
1

1 2 X

6 1 1

X

7 1 1

1

X

8 1 2 X

9 1 2 X

10 1 X

11 1 X

12 1 and 2 2 X

13 2 1 2 3 X

14 1 and 2 X

15 1 X

16 1
1 X

17 2 1 X

18 1 2 X
19 1 X

20 1 2 X

21 3 1 and 2 3
1

4 X

Totals
1

1

7 14

1 = Original operation or its complication.

2, 3, and 4 = Subsequent operations.

The follow-up of the patients in this series after operation is shown in Table XII.

The age factor in relation to successful results indicated that healing in bone-grafting

operations was obtained most frequently between the ages of five and twenty years, in

which consolidation failed in only one out of fifteen cases (Table XIII)

.

In Table XIV are summarized all the failures following bone-grafting; the type of

operation, and also the number of operations to which the patient had previously been

subjected, are specified. After failure of the first operation, subsequent bone-grafting gave
a total of seven cases with good results (33 per cent.) and fourteen cases of persistent

failure (67 per cent.)

.

CONCLUSIONS

1- Non-union is an avoidable complication in the treatment of fractures.

2. Greater adherence to sound principles in the treatment of fractures will lessen the
tendency for pseudarthrosis.

3. In treating this complication by bone-grafting, the principles of sound fracture
tveatwAftiftt should be employed.

4. The most efficient treatment for non-union of the shafts of the long bones is by
massive autogenous onlay bone grafts or massive dual onlay grafts fixed with vitallium
screws.

Appreciation is extended to Arthur Steindler, M.D., for his kindness and advice in the
P'eparation of this paper.
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BACKWARD DISPLACEAIENT OF FIFTH LUMBAR VERTEBRA IN

DEGENERATIVE DISC DISEASE

Thi: Significance of the Difference in Anteroposterior Diameters of the

Fifth Lumbar and First Sacral Vertebrae

BY CAPTAIN GILBERT II. FLETCHER

Medical Corps, Army of ihc United Statch

From the Veterans Adminiktralion, Pitlsbuiqh Regional Office, Pittsburgh, Pennsylvania

Posterior displacement of the fifth lumbaF on the first sacral vertebra, interpreted as

a posterior subluxation of the lumbosacral joint, received little attention until 1929, when

Hibbs and Swift reported the results of operations in six cases. Williams and Yglesias

stated that this condition is associated with lumbosacral facets in the frontal plane. In

1934, Johnson and Smith classified posterior displacement as an independent entity, and

emphasized its importance in the causation of backache and sciatica. In 1944, Knutsson

shoved that it was a sign of instability of the lumbosacral junction, associated with disc

degeneration. Willis, in 1935, concluded that actual backward displacement does not occur,

but is only an optical illusion, due to a relative anteroposterior shortening of the body of the

first sacral vertebra.

In the present study, the author will demonstrate that posterior displacement of

the fifth lumbar on the first sacral vertebra is a definite pathological occurrence. It is not

a separate entity, but is a mechanical consequence of degenerative disc disease. It is also

proposed to show that the difference in size of the fifth lumbar and first sacral vertebrae

has an etiological significance in the production of these degenerative changes.

This study is based upon 600 roentgenograms of the spine, taken on male subjects

in the Medical Department of the Veterans Administration, Pittsburgh Regional Office.

These patients are veterans of World War II, most of whom were discharged for backache

only; a small number had other unrelated disabilities. In most cases the Service records,

containing complete medical histories with roeUtgenographic and laboratory studies, were

available.

Almost 90 per cent, of the 600 veterans were less than forty years of age, as is shown
by the following figures •

Under 20 years

21 to 30 years

31 to 40 years

41 to 50 years

1 9 per cent

48 8 per cent

37 8 per cent.

11 5 per cent

The universal symptom was backache, most often in the low back; limitation of

motion and sciatica were commonly associated complaints All of the roentgenograms
were taken with the patients in the recumbent position.

In this group of 600 cases, there tvere fifty-six spines in which there was posterior

displacement, of at least 4 millimeters, of the posteroinferior border of the fifth lumbar
vertebra in relation to xhe posterosuperior border of the first sacral vertebra (Figs. 1-A and
1-B). Those cases with displacement of less than 4 millimeters w^ere not included, because
of the possibility that such a slight malalignment might be due to technical factors or to
individual evaluation. These fift5''-six cases represent about 10 per cent, of the group; this
figuie is in accord with the findings of Johnson.

Willis, in thirty-three of fifty skeletons, found a difference in the anteroposterior
diameters of the fifth lumbar and first sacral vertebrae, ranging from 1.5 millimeters to
6 millimeters. He attributed this difference to the fact that the posterior surface of the

^ OL. 29 NO 4, OCTOBER 1Q47
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to exist usuallj' in not more than 50 to 65 per cent, of the cases the hypertonic condition

of muscles has been found to be present in 100 per cent, of 1,775 acute cases of poliomye-

litis of all types, recently examined.

Hypertonicity or spasm of the peripheral tissues has become recognized as one of the

diagnostic manifestations in the disease. This condition, as evidenced by neck stiffness, is

the earliest objective finding. Its presence in the posterior spinal muscles and in the ham-

strings, long recognized, has been in the past interpreted as evidence of meningeal irrita-

tion. The same hypertonicity, differing not in the least in character, may appear in the

anterior muscles of the body, as -well as the posterior. It may affect any of the muscles,

including those with no attachment to the spine.

"While it is known that the disease becomes active in the central nervous system, yet

the distinctive pain and tenderness in the peripheral tissues are very strongly suggestive of

a local process in these peripheral tissues themselves.

The condition of spasm or hypertonicity does not always subside spontaneously, but

maj" go on to cause permanent changes in the affected muscles, consisting of fibroses and

contractures. In this respect, the hypertonicity of poliomyelitis is vastly different from

that of other conditions. In meningitis there may be extreme hypertonicity of muscle even

to the point of opisthotonus, but the muscle disorder always subsides, and the patient

becomes flexible as the disease in the spinal cord regresses. From this observation, it may

be reasoned that hypertonicity of nerve origin alone does not suffice as an explanation of

the permanent muscle shortening which occurs in poliomyelitis. Local changes must

apparentl}'- also take place in the muscle tissue. This is an extremely important possibility

which should be given consideration in all future study of the disease.

The peripheral tissues of the body consist of the skin, the subcutaneous fat, the mus-

cles, and the fascia enveloping the muscles. The symptoms in these tissues in the acute

stage of the disease consist of pain, sensitivity, and contraction of the skin; atrophy of the

subcutaneous fat; h3'-pertonicity, pain, and shortening of the fascial tissue and muscle; and

compression of the muscle. Each of these structures will be taken up in detail, and evidence

will be given for the belief that the observed symptoms and findings suggest a local process

in the tissue.

SKIN

In manN' cases, the skin is painful and sensitive in the acute stages of poliomyelitis,

and the patient resents palpation. Even the pressure of bedclothes is sometimes uncom-

fortable. Pinching or stretching the skin is painful. The pain and sensitivity of the skin m

the acute stage have commonly been attributed to an inflammatory process in the spina

cord, principall}’" an affection of the sensory posterior nerve roots and the posterior colunuis

of the spinal cord. It is to be noted, however, that the skin may remain tender and sensitnc

for months, long after the disease must, presumably, have subsided in the spinal cord.

Earl}" in the disease, even in the absence of paralysis, the skin over areas of muse e

spasm begins to lose its freedom of movement and to become slightly adherent to the deeper

tissues. The skin thickens and, when untreated, in the chronic case is found to be fi-xe

inelastic. In other cases with paralysis, where there is marked muscle atrophy,

seldom looseness or wrinkling of the skin, as would be expected from reduced °

underlying muscle tissue. Rather is the opposite true,—the skin contracts, becomes^

and unjfielding, and loses its soft texture. It becomes agglutinated to the underlying su

stance and cannot be picked up easily as a separate layer of tissue.

The normal skin has creases or flexure lines crossing the skin at the joint, and e

is fairly fixed to the deeper structures at these creases. On motion of the joint these

deepen, and the adjacent skin usually folds over the creases to accompany the

of the joint. It can be noted fairl}" early' in poliomyelitis that, although the fle.xure^^

remain, the folding of skin adjacent to these creases tends not to appear on fle.xion

B0N'EA.VD
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Fig. 1-A

Roentgenogram shows posterior displacement
of fifth lumbar on first sacral vertebra.

First view is tracing of Fig. 1-A. A-C equals

5.1 centimeters; B-D equals 4.5 centimeters.

Apparent displacement is 9 millimeters. Differ-

ence in anteroposterior diameters equals 6 milli-

meters. Actual backward displacement is 9 minus

6, or 3 millimeters. Narrowing of the disc and

umbilication on the posterior aspect of the lower

surface of the fifth lumbar vertebra are seen.

Second tracing shows the reduction.

Fig. 2

I represents lower surface of fifth lumbar verte-

bra, and 11, upper surface of first sacral vertebra.

In in, the anterior halves of the contours arc

superimposed, but not the posterior halves. The

continuous line represents the concqve posterior

border of the first sacral, and the broken line, the

convex posterior border of the fifth lumbar

vertebra.

nr
Fig. 2

.4; Superimposed anterior borders of fifth
lumbar and first sacral vertebrae.
B and C: Posterolateral borders of first sacral

vertebra.

E: Posterior border of fifth lumbar vertebra.
D-E: Difference in diameters, as measured on

skeleton.

B-E: Difference between projections of pos-
terior borders, as seen on the roentgenograms.

A-B equals width of the posterior margin of

the disc.
,

.

C-D equals width of the antenor marg

the disc. _ I
a represents lumbosacral angle t j'pe r-

/3 represents lumbosacral angle Type ii-

sacral body is concave and that of the fifth lumbar body is convex (Fig. 2). He t en

that the relative shortening of the first sacral vertebra gives the illusion of an

displacement, and concluded that, if careful measurements of unselected skeletons e^^

strate a difference in anteroposterior diameters six times as often as roentgenograms

patients ha'vdng back s3'mptoms, this finding can have no clinical significance.

tnrvT Ft'RGrH^
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joint. This would seem to bo the result of an affection of the skin itself, and is presumably

due to thickening and loss of elasticity of the skin. This affection of the skin can be ob-

served in areas where there is no muscle paralysis, hence where the associated motor cells

of the spinal cord are uninvolved. For this reason, the condition can logically be considered

a local disturbance rather than a neurotrophic manifestation,

SUBCUTANEOUS PAT

The subcutaneous fat atrophies quickly in the acute stage of the disease, and some

patients appear thinned and almost emaciated within a period of two to three weeks. This

is not always a generalized disturbance, but is most apt to appear in areas where there

has been definite spasm and hypertonicity. The condition may be especially noticed in the

region of the chest, where the skin is observed to become adherent to the underlying bony

structure, so that the ribs become very apparent. The chest itself becomes flattened, and

the anterior wall of this structure becomes depressed. The condition is not dependent upon

paralysis and atrophy of the thoracic muscles, but occurs in many cases in which there is

no evidence of paralysis of these muscles. Posteriorly the spinous processes become very

prominent as the subcutaneous fat disappears and the skin contracts. The skin here be-

comes thick and unyielding as the disease progresses.

MUSCLE

The muscle and its enclosing fascia present the most striking evidence of a local

process. The hypertonic condition called spasm has been found present in each of these

cases of poliomyelitis in the acute stage, and this may affect any of the muscles. The dis-

order varies in intensity; in some cases there is merely a hypertonicity, but in many cases

there is an associated spontaneous pain which may be extremely severe and signalizes an

abnormal condition within the muscle. The affected muscle is often exquisitely tender to

pressure. The muscle becomes short; attempts to stretch it may be very painful to the

patient. This shortening of muscle has often been stated to be a physiological response to

weakness of the opposing muscle,—that is, weakness of one muscle upsets the normal
balance, so that the supposedly unaffected opponent contracts and shortens. This theory

of strong normal muscles pulling against weak ones in the past was further interpreted to

explain the contractures and deformities associated with poliomyelitis. It will be noticed,

however, that the shortening muscle, which was supposedly normal, is actually tender
and painful. A normal muscle should not be painful. Many of these shortened muscles
have no voluntary contractile power whatever. Also, it ^vill be observed that the short-

ening muscle tends to become flattened and narrowed, as if it were becoming compressed,
rather than being rounded and bulging, as would occur if this muscle were normally
contracting.

The theory of muscle imbalance as a cause of deformity implies that the muscle caus-
ing the deformity has retained its motor-nerve supply. This belief does not coincide with
the facts, as severe deformity may occur in a limb where there is absolutely no evidence
^of motor innervation of any of the muscles. Permanent deformities persist when no muscle
power returns, and where it must be presumed that the correlated anterior-horn cells of
the spinal cord have been destroyed by the disease. A cause other than muscle imbalance
must be contrived in order to explain deformity in this circumstance.

It has been observed that the muscle in spasm may remain short after the death of
the patient, even in those who die within a few days of the onset of the disease. Mere
neuiogenic hypertonicity should not cause permanent change in muscle, especially if it
is only of brief duration. Thus, even though laboratory proof of the activity of the virus
itself in the muscle tissue has not been large in volume, the evidence is highly suggestive
lom clinical observation that there occurs at some stage of the disease a local process
involving the muscle tissue.

’

VOL 2<). ICO. 4, OCTOnrR 11147



1020 G. H. FLETCHER

Fig. 1-A

,
??^"Jseiiogi-am shows posterior displacement

of fifth lumbar on first sacral vertebra.

Fig. 1-B
First view is tracing of Fig. 1-A. A-C equals

5.1 centimeters; B-D equals 4.5 centimetcis.
Apparent displacement is 9 millimeters. Differ-
ence in anteroposterior diameters equals 6 milli-

meters. Actual backward displacement is 9 minus
6, or 3 rnillimeters. Narrowing of the disc and
umbilication on the posterior aspect of the lower
surface of the fifth lumbar vertebra are seen.

Second tracing shows the reduction.

Fig. 2

I represents lower surface of fifth lumbar verte-

bra, and II, upper surface of first sacral vertebia.

In III, the anterior halves of the contours are

superimposed, but not the posterior halves. The
continuous line represents the concqve posterior

border of the first sacral, and the broken line, the

convex posterior border of the fifth lumbar

vertebra.

IT
Fig. 2

.4. Supermiposed anterior borders of fifth
lumbiir Jincl fiist sucral v^rtcbraG.
B and C. Posterolateral borders of first sacral

vertebra.

T\
border of fifth lumbar vertebra.

Difference in diameters, as measured on
skeleton.

B-E: Difference between projections of pos-
terior borders, as seen on the roentgenograms.

Fig. 3

A-B equals width of the posterior margin of

the disc.
.

.

C-D equals width of the anterior margin

the disc. .

ce represents lumbosacral angle Type i.

j8 represents lumbosacral angle Type H-

sacral body^ is concave and that of the fifth lumbar body is convex (Fig. 2). He then stated

that the relative shortening of the first sacral vertebra gives the illusion of an appartn

displacement, and concluded that, if careful measurements of unselected skeletons

strate a difference in anteroposterior diameters six times as often as roentgenogianis

patients having back sy^mptoms, this finding can have no clinical significance.
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FASCIA

There is reason to suspect that the primary disorder in the shortened muscle in the

acute stage of the disease involves the fascial covering of the muscle, as well as the muscle

tissue itself. The muscle is enclosed in a tight-fitting sleeve of fascia, which confines the

muscle and preserves the normal shape of the muscle. This fascial covering is tough,

fibrous, and inelastic, and keeps the enclosed muscle under constant slight tension. It

has already been mentioned that a muscle affected by spasm tends to become narrowed

and flattened in addition to its shortening. Such a muscle is tender and painful. Any

circumstance which would increase the pressure within the fascial envelope, such as swell-

ing of the muscle or shrinking of the fascia, might seriously damage the muscle tissue.

Increased tension upon the muscle, for instance by contraction of the enclosing fascial

eni'elope, would interfere with circulation and would deprive the muscle of oxygen. The

anoxia or ischaemia would explain the pain in the muscle in the acute stage and the replace-

ment of muscle substance by fibroid tissue later in the disease. Muscles which have been

in spasm have the appearance of having been compressed.

More objective evidence of the possibility of direct involvement of fascia by the dis-

ease is that certain of these tissues ivith little or no muscle connection are frequently af-

fected and tend to become short. This has been observed in the case of the iliotibial band ot

the thigh, contracture of which often causes flexion-abduction deformity of the hip. The

plantar fascia of the foot also frequently becomes short, resulting in a highly arched or

cavus foot. Such fascial tissues have no known connection with the anterior-horn cells of

the spinal cord, and yet they are affected in the disease of poliomyelitis.

EFFECT OF TREATMENT

Evidence of circumstantial nature that the disease attacks the more external tissues

of the bodj' is obtained by observation of the effect of treatment applied to the peripheral

tissues, on the assumption that the local parts actually are affected. If all of the after-

effects of poliomyelitis could really be explained on the basis of the disease process in the

nervous system, then treatment applied to the body periphery would have little or no ef-

fect upon the eventual outcome of the patient. It is extremely unlikely that such treat-

ment would, to an}" appreciable degree, interrupt or modify organic disease in the spinal

cord, so as to alter materially the effect of a central-nerve lesion upon the peripheral tis-

sues. However, moist heat and other procedures applied to the body surface do relieve

pain and do relax the hypertonic structures, wdth the result that contractures and deform-

ities do not materialize. The blueness, coldness, skin thickening, and e.xcessive persphation

thought due to circulatory changes are prevented, and the common neurotrophic distiir

ances, such as chilblains and ulcers, are also eliminated by such treatment. The circulatoi}

and trophic changes so frequently observed in the past cannot reasonably be assume to

be due to the action of the disease in the centi'al nervous system, w"hen these deleteiious

effects can be prevented by treatment of the peripheral tissues.
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Rocntgcnogrtinis do not show the projection of the true anteroposterior diameter of

the first sacral vertebra but, instead, that of the distance between the anteiioi and pos~

terolatcral borders (Fig. 2). This distance is greater than the anteroposterior diameter in

concave vertebral bodies. Obviously, Willis found a higher incidence of lesser anteropos-

terior diameters of the first sacral vertebra than one would by measuring, on the roentgeno-

grams, the distance between the anterior and posterolateral borders. In this paper the

term “anteroposterior diameter” will be used to denote the distance between the anterior

and posterolateral borders on the roentgenograms, but one should remember that this is

not the true diameter.

The amount of displacement and the dififerences in diameters (Fig. 1-B) were com-

puted in the fifty-six cases; the averages were 0.7 millimeters and 3.5 millimeters,

respectively (Table I). In eight instances, the difference ivas about equal to the apparent

displacement. On the other hand, in seven instances, there was no difference in diameter

(Fig. 6), and in the forty-nine remaining cases (87 per cent.), the difference was at least 2

millimeters.

From the total group with backache, of 200 unselected cases without backward dis-

placement and with no other lumbosacral abnormahty except occasional spina bifida, the

diameter of the fifth lumbar vertebra was on the average only 0.5 millimeter more than

that of the first sacral vertebra, with a maximum of 3 millimeters. In about 50 per cent,

of the cases, the diameters were equal; and in 10 per cent., that of the first sacral vertebra

was slightly greater than that of the fifth lumbar vertebra. A difference in diameters be-

tween the fifth lumbar and first sacral vertebrae was found in 87 per cent, of the cases

with backward displacement, and no appreciable difference was found in the control group.

In the total series of 600 roentgenograms, thirty-nine cases of advanced degenerative

disc disease were found, twenty of which were located at the lumbosacral disc; the others

were found at various levels of the spine. This diagnosis was made in the presence of a
narrow disc, associated with various degrees of sclerosis, hypertrophic changes, umbilica-

tions on the lower surface of the fifth lumbar vertebra, and subdislocation of the facets.

The twenty cases of this condition were carefully differentiated from those in which the
uniformly narrow disc was seen between a transitional vertebra and the sacrum.

Seventeen of the twenty cases of degenerative lumbosacral disc disease were in the
group with backward displacement, and three occurred among the remaining 544 cases.

This means that 85 per cent, were associated with backward displacement, and that 30
per cent, of the patients with backward displacement had disc disease. The incidence of

lumbosacral disc disease in the group without backward displacement was only 0.5 per
cent.

TABLE I

Comparison of Findings in Group with Backward Displacement and in Control Group

Group with Backward
Displacement

(56 Cases)

Control Group
(200 Cases)

Mean Range Mean Range

Amount of displacement
Difference in diameters
Posterior disc wdth
Anterior disc width
Lumbosacral angle Type II

Lumbosacral angle Type I

6.7 mm.
3.5 mm.
3.5 mm.*
17.7 mm.*

136°

39“

4 to 10.5 mm.
0 to 8 mm.
0 to 7 mm.*
13 to 23 mm.*
115° to 149°

23° to 60°

0.5 mm.
6 mm.

17.3 mm.
137.8°

44°

0

1 to 3 mm.
0 to 11 mm.

10 to 28 mm.
110° to 155°

19° to 70°

The 17 cases of advanced degenerative disc disease are not included.
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FASCIAL REPAIR FOR POLIOMYELITIC PARALYSIS OF THE
ABDOMINAL WALL IN ADULTS

BY MAJOR GEORGE T. WALLACE AND CAPTAIN WILLIAM J. WEST

j\[edical Corps, Army of Ihc United Stales

From the Army and Navy General Hospital, Hot Springs, Arkaiisas

Until Lowman brought the subject to our attention in 1932, the importance of ab-

dominal-wall defects as related to infantile paralysis was not recognized. Lowman, in

attempting to account for the cause, development, and prevention of scoliosis in this

disease, originally reported twelve cases. During the intervening years, many other workers

have contributed to this subject. Dickson reported forty-four cases of abdominal fascial

repair, and went further in utilizing fascial implants in an attempt to cori’ect cervical

scoliosis. He advised attachment of fascial straps from the spine of the scapula to the

spines of the thoracic vertebrae or to the origin of the trapezius on the affected side. He

also suggested such surgical repair for the loss of the serratus anterior.

Mayer divided patients suffering trunk involvement into three groups. In the first

group, were those with development of lumbothoracic scoliosis and a so-called pelvic

obliquity, involving unilateral contracture of the quadratus lumborum and the internal

and external oblique muscles on the same side, with paralysis of these muscles on the oppo-

site side. If the quadratus lumborum is not paralyzed, a lumbothoracic scoliosis develops

without pelvic obliquity, thus constituting a second group of patients. A third group, ac-

cording to Mayer, were those with bilateral paralysis of the recti abdominis with bilateral

weakness of the internal and external oblique muscles, resulting in severe lumbar lordosis

and sagging of the abdominal wall. Mayer has followed his cases for a number of years,

and it is his conviction that, in severely involved cases, fascial grafting should be per-

formed in conjunction with spine fusion, in order to prevent recurrent scoliosis. He has

utilized flat fascial grafts, rather than straps of fascia as suggested by Lowman. It can be
stated unequivocally that the integrity of the oblique muscles, as well as of the rectus and
quadratus lumborum, is of paramount importance in the development of deformities of

the spine, the thoracic cage, and the pelvic bones.

Despite the pioneer work in the use of fascial grafts, the surgical procedure still has
not been accepted by all clinics dealing with severely paralyzed patients. Perhaps this

hesitance on the part of the orthopaedic surgeon to accept abdominal fascial grafting as a
routine part of the armamentarium of surgical procedures ip the reconstructive phase of

the treatment of poliomyelitis is due to his own inability to recognize the advisability of

the procedure. Then, too, some patients are inclined to accept their deformities, and are
unwilling to attempt to have them corrected. However, most patients will readily accept
any procedure that may offer improvement.

At the Army Poliomyelitis Center, abdominal fascial transplantation is approached
from a different point of view than that of the civilian surgeon. It is well known that only
occasionally in the adult does abdominal-muscle imbalance cause sufficient spinal curva-
ture to warrant concern. Since all of the patients seen during the War were Army per-
sonnel, it necessarily follows that they were all adults before the onset of the disease.
Only a small number of patients have had a pelvic obliquity severe enough to warrant a
surgical procedure from that standpoint. It is well to bear in mind that the patients sent to
this Center manifested severe paralysis which was often generalized. In the majority of
our cases, the entire muscular system had been affected to some degree. Those patients
with only one or two isolated muscles involved have not been prominent in the total
number of cases treated, and have been treated in other Army general hospitals. A recent
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TABLE II

Correlation’ of Definitions of Lumbosacral Angles Type I and Type II

• IN THE Control Group

Lumbosacral Angles No. of Cases Per Cent.

Both normal 56 28

Both abnormal (to some degree) 8 4

Both abnormal (marked discrepancy in degree) 26 13

One normal, the other abnormal 110 55

Totals 200 100

This close con-elation between degenerative disc disease and backward displacement

is further emphasized by the fact that, in the remaining thirty-nine cases of backward

displacement without advanced disc disease, the width of the posterior aspect of the

disc was found to be markedly narrowed. The average anterior and posterior widths were

17.7 millimeters and 3.5 millimeters, respectively (Fig. 3). In eleven instances (28 per

cent.), the lower surface of the fifth lumbar vertebra actually rested upon the posterior

edge of the first sacral vertebra (Figs. 4-A and 4-B). In ten instances, deep umbilications

were present on the posterior half of the lower surface of the fifth lumbar vertebra, indi-

cating breaks in the fibrocartilaginous plate.

In the control group, the average anterior and posterior widths were 17.3 and 0

millimeters, respectively. In only twm instances (1 per cent.), were the posterior borders in

contact.

A comparison of these figures (Table I) shows that the anterior aspect of the disc is

not affected, but that the posterior aspect is markedly narrowed. This narrowing has been

considered by many authors as indicative of degenerative changes in the posterior fibers

of the annulus fibrosus. The writer thought that the lumbosacral angles should be com-

pared in the stud}'- group and in the control group to find out -whether or not there was a

correlation betw’een a narrow^ed posterior aspect of the-lumbosacral disc and an exaggei-

ated lumbosacral angle.

To investigate this point, twm definitions of the lumbosacral angle were used because

as far as the author knows, it has not been determined which more accurately depicts t a

mechanics of the lumbosacral joint (Fig. 3). In the first definition (lumbosacral ang'

Type I), the angle betiveen the upper surface of the sacrum and the horizontal is measiaei

the upper limit of normal being given as 42 degrees In the second definition (urn

bosacral angle Tj’-pe II), the angle beUveen the axis of the sacrum and the axis of the
^

lumbar vertebra is measured, the louver limit of normal being given as 130 degiecs

According to these limits, 55 per cent, of the control group had abnormal Type I ang e

TABLE III

Types of Lujibosacral Facets in the Control Group

Type of Facet

Frontal

Oblique cylindrical

AsjTnmetrical ....

Sagittal

Totals

No. of Cases

137

20

36

7

200

Per Cent.

IOI.N-TSt'KOE«'-
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analysis of ninety-six poliomyelitis patients in this Hospital, on the basis of abdominal in-

volvement, indicates that twenty-five (26 per cent.) were normal; seventeen (IS per cent.)

had mild paralysis; thirty (31 per cent.) had moderate paralysis; and t\yenty-four (25

per cent.) had severe paralysis. Thus, 74 per cent, had some degree of abdominal paralysis.

Although our patients have shown this high percentage of abdominal involvement, not

more than 2 or 3 per cent, have had a fixed spinal curve, demonstrable by roentgenograms.

Although we have not been primarily concerned mth the development of scoliosis, in those

patients with severe abdominal involvement, the problem of rehabilitation has been of

e.vtreme concern to us. The attempt to render ambulatory a patient who has complete

involvement of both legs and abdomen, Avith or without arm involvement, and to enable

him to perform the more simple activities of life, engages the greatest ingenuity on the

part of all responsible for his progress. -

The Surgeon General has specified that the patients concentrated in the Poliomyelitis

Center must reach maximum hospital benefit before being discharged. It has been our aim

to trj^ to make these patients as self-dependent as possible. It has long been known that in

paralyzed muscles, the greatest degree of improvement in strength occurs within the first

six tonine months. Improvement noted thereafter may be due partly to further return of

strength in the involved muscles or, more commonly, to the fact that the patient learns to

make the best use of his uninvolved muscles and the muscles that have returned to a

functional state.

The purpose of this paper is (1) to report twelve abdominal fascial transplantations

in nine cases of residual abdominal paralysis, and (2) to show concretely the degree of im-

provement. We are cognizant of the fact that our group of cases is small compared to the

groups formerly reported. We also realize that, in some of our patients who have been dis-

charged more recently, insufficient time has elapsed for full evaluation of the results.

Nevertheless, sufficient time has elapsed in most of our cases to give a true picture of im-

provement. Some of the patients will soon be separated from the Service, and will not be

available for further observation. However, it is only logical that, if the patient is showing

gradual improvement under our observation, he should continue to improve with no

I'eversals until maximum benefit has been obtained.

Candidates for Surgery

The patients upon whom abdominoplasty has been performed may be divided into

two groups on the basis of function. Three patients (Cases 5, 6, and 7) had no strength in

the abdominal wall or quadratus lumborum. These might be considered to be in Group »

according to IMaj^er’s classification. All three had severe forward tilting of the pelvis an

sagging of the abdominal wall. Cases 1, 2, and 3 might also be considered to be in this same

group. The latter group of patients did have some residual strength in the uppei poition

of the recti and oblique muscles unilaterally, but this strength was of little benefit to t lem,

inasmuch as the lower abdominal wall was completely paralyzed, and there was no trans

mission of power from the relatively intact upper abdominal wall to the pelvis. Cases , >

and 9 fall into a second group functionally, because in these patients the muscles v nc

elevate the hip were strong enough before operation to allow them to clear the lower e.

tremities with the use of crutches. However, due to loss of stability anteriorly

,

ance was extreme^ poor, and most activities requiring balance Avere difficult to pel

Neither was there opposition for the serrati to pull against, thus enabling the full use o

good upper e.xtremities.

The complete inability to clear the foot with crutches, as seen in Cases

and also in Cases 1, 2, and 3 to a lesser degree, has been the main indication
^

repair. The rehabilitation of these patients has been considerably more difficu t

second group (Cases 4, S, and 9). How^ever, even this latter group have

improvement from this procedure, as will be showm on the Improvement Recoi
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Fig. 4-B Fig. 5-B

Fig. 4-A: Roentgenogram showing backward displacement.
Fig. 4-B; Anteroposterior diameter of fifth lumbar vertebra equals 4 centimeters, anteroposterior

diameter of first sacral vertebra equals 3.5 centimeters. Apparent displacement is 10 millimeters.

Diffeience in anteroposterior diameters is 5 millimeters. Actual backward displacement equals 10 minus
5, or 0 millimeters. The lower surface of the fifth lumbar vertebra is resting on the posterior edge of the
first sacral vertebra, with subdislocation of the facets. Second tracing shows the reduction.

Fig. 5-A: Roentgenogram showing backward displacement.
.Fig. 5-B: Anteroposterior diameter of fifth lumbar vertebra equals 4.1 centimeters. Anteroposterior

diameter of fiist sacral vertebra equals 4.1 centimeters. Apparent displacement is the same as actual
backward displacement, or 4 millimeters. The sacral facets aie in contact with the posterior suiface of
the fifth lunibar vertebra and almost in contact with its pedicles. The tracings show the mechanism of
backward displacement. B is the tracing of the roentgenogram. A is the tracing obtained in giving to the
disc its normal width. The arrow shows the direction of the settling of the fifth lumbar vertebra when the
disc becomes narrowed, as a result of the interlocking of the facets.

and 8 per cent, had abnormal Type II angles. For a group with backache, the former
figure appears too high and the latter figure too low. Table II indicates the lack of correla-
tion, Either the definitions or the values given as normal limits are not adequate.

A comparison of the lumbosacral angles (Type I and Type II) found in both the
group with backward displacement and in the control group shows that they are approxi-
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Fig. l-A.

Case 1. Muscle status and fascial repair.

Right Left

3 Quadratus lumborum 0

4 Serratus anterior 4

3 Erector spinae 3

3 Upper rectus abdominis 4

0 Lower rectus abdominis 0

Fig. 1-B

Right Left

3 Upper obliquus abdominis 3

0 Lower obliquus abdominis 0

5 Upper e.xtremities 5

0 Lower extremities 0

Fig. 1-B: PhotoOTaph taken five months after operation, showing how fascial bands assume appear-
ance of strong cords.

The legends for the illustrations e.xplain the individual muscle involvement for each
patient we have selected for abdominal fascial transplantation. The figures illustrate

anatomically the location of the fascial straps at the time of surgery.
The degree of muscle involvement has been determined by the tests, evolved by

Lowman, to demonstrate the degree of paralysis. As Mayer has pointed out, it is markedly
difficult to gauge accurately the strength of the muscles in question, because of the inade-
quacy of knowledge of the kinesiology of these muscles. We have not included in detail
the arm and leg involvement, but have only considered the extremities as units.

We have employed the following grading:

0 signifies no contraction felt in the muscle;
1 signifies a trace (the contraction is felt in the muscle, but there is no significant

movement of the part)

;

2 signifies a poor muscle, which moves the part through a partial range when
gravity has been eliminated;

3 signifies a fair muscle and one in which the muscle can move the part through
a complete arc, the muscle tiring after from three to six contractions;

4 signifies a good muscle, in that it completes the arc against gravity with a me-
dium amount of resistance several times without showing fatigue, but this muscle
tiles quickly or is unable to complete the arc against maximum resistance;

5 signifies a normal muscle, in that the muscle completes an arc against gravity,
and will accept maximum resistance several times without showing signs of fatigue.

SURGICAI, TECHNIQUE
Preoperalive Care

Patients lyith abdominal paralysis not infrequently are unable to indulge in sufficient
piysica activities to maintain their weight at a minimum degree for their stature. In
VOL. 29, KO. 4, OCTOBER 1947
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TABLE IV

TrpEs OF Lumbos-acral Facets in the Group wuth Backward Displace.ment

Type of Facet No. of Cases Per Cent.

Frontal . . . 39 69.6

S 9Oblique ej'lindrical . . 5

Asymmetrical 11 19.7

SBO'ittnl . 1 1 S

Totals . 56 100 0

mately the same. This clearly demonstrates that the narrowing of the posterior aspect of

the disc is not due to an exaggerated lumbosacral angle, and that the explanation for the

damage to the posterior fibers of the annulus fibrosus must be found elsewhere.

It has often been stated that lumbosacral facets in the sagittal plane give a more

stable joint than those in the frontal plane, and that the most unfavorable situation e.xists

when the facets are asymmetrical,—frontal on one side and sagittal on the other. Actually,

the facets are often cjdindrical, but in most instances they are predominantly either iu the

frontal or the sagittal plane. Hibbs and Swift correlated backward displacement with

frontal facets, ascribing more laxity to this type of joint; and later Williams described

how this is an essential feature in the mechanism of backward displacement. To investigate

the correlation between the facet types and backward displacement, their distribution in

the control group and in the study group was noted.

In the control group (Table III), facets in the frontal plane are by far the most com-

mon and. therefore, must be considered the normal anatomical variety. This seems logical

if one considers that the essential role of the lumbosacral facets is to prevent, by their

interlocking, anterior slipping.

The distribution of facets in the backward displacement group is shown in Table IV.

In the only instance of sagittal facets alone, the apparent displacement was entirely

accounted for by the difference in the diameters of the fifth lumbar and first sacral verte-

brae. Also, those facets in the cylindrical oblique and asymmetrical categories were pie-

dominantly in the frontal plane. It must be remembered that frontal facets of the lumbo-

sacral joint are not strictly in the frontal plane, but are inclined posteriorly (see arrow in

Fig. 5-B).

DISCUSSION

From the data presented, the following facts can be stated concerning backward

displacement of the fifth lumbar vertebra on the fii’st sacral vertebra:

1. From roentgenograms, the author has confirmed the observations made by ^

from measurements of skeletons,—namely, that there is often a difference in the diameters

of the fifth lumbar and first sacral vertebrae. This difference existed in 87 per cent, o le

cases with backward displacement, and in practically none of the control group.

2. This difference in diameters was found to account for only about one-half o je

apparent backward displacement in 85 per cent, of the cases in this series, thus disprovmo

the suggestion that such displacement is only an optical illusion. .

3. BackAvard displacement is usually associated Avith degenerative changes

posterior fibers of the annulus fibrosus and a high incidence of advanced degeneia

disc disease.
. _

.
lation

4. From the facts stated as No. 1 and No. 3 above, aa^c see that there is a cone

betAveen differences in diameters and disc disease. .

5. There is no exaggeration of the lumbosacral angle in backward disp aceme
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Pig. 2

Case 2. Muscle status and fascial repair.

Right Left

3 Quadratus lumborum 0

4 Serratus anterior 4

2 Erector spinae 2

0 Upper rectus abdominis 0
0 Lower rectus abdominis 0
3 Upper obliquus abdominis 0

0 Lower obliquus abdominis 0
3 Upper e.\tremities 4
1 Lower extremities 0

Fig. 3

Case 3. Muscle status and fascial repair.

Right Left

0 Quadratus lumborum 3

3 Serratus anterior 4

4 Erector spinae 4

4 Upper rectus abdominis 0

0 Lower rectus abdominis 0

3 Upper obliquus abdominis 0

2 Lower obliquus abdominis 0

4 Upper e.xtremities 4

0 Lower extremities 0

Fig. 4-

a

C.\SE 4. Muscle status and fascial repair.

Right Left

4 Quadratus lumborum 4

4 Serratus anterior 4

2 Erector spinae 2

3 Upper rectus abdominis 0

0 Lower rectus abdominis 0

Fig. 4-B

Right
Left

0 Upper obliquus abdominis ®

0 Lower obliquus abdominis
^

4

Upper e.xtremities

i.AJwei ret^tuD v/ 0 Lower extremities
MJx*

Fig. 4-B: Photograph taken five months after operation, showing how tightly fascial straps s lo

inserted in order to accomplish maximum function.



BACKWARD DISPLACEMENT OF FlP-ril LUMBAR VERTEBRA 1025

G. The lower lumbar and the upper sacral

facets are of frontal or predominantly frontal

type, and arc in a plane directed downward

and backward.

The cause of backward displacement lies

in the narrowing of the disc. The slipping of

the inferior facets of the fifth lumbar vertebra,

due to a narrowing of the disc, cannot but take

place in a downward and backward direction,

carrying the entire body of the fifth lumbar

vertebra backward in its relationship to the

first sacral segment (Fig. 5-A). Degenerative

disc disease or degenerative changes in the

posterior aspect of the annulus fibrosus come

first, and posterior displacement is a mechani-

cal consequence. The displacement is greater,

as demonstrated b}'^ Knutsson, when the

roentgenograms are taken with the spine in

hyperextension; this is due to the fact that

hyperextension exaggerates the overriding of

the facets and brings out the joint instability.

The amount of displacement will depend

upon the obliquity of the facets. This dis-

placement will not be appreciable if the facets

are almost vertical (as in the thoracic or lum-

bar regions), and will reach a maximum for a

certain optimum obliquity. The actual back-

ward displacement is the excess of the appar-

ent displacement over the difference between

the lengths of the apposing borders of the fifth

lumbar and first sacral vertebrae.

Fig. 6

Anteroposterior diameter of fifth lumbar ver-

tebra equals 4.7 centimeters; anteroposterior di-

ameter of first sacral vertebra equals 4.3 centi-

meters. Apparent displacement is 7 millimeters.

Difference in anteroposterior diameters is 4 milli-

meters. Actual displacement equals 7 minus 4, or

3 millimeters. Deep umbilication is present on the

posterior aspect of the fifth lumbar vertebra, and
the postero-inferior border of the fifth lumbar
vertebra is in contact with the pedicles of the
first sacral vertebra.

It has been shown that both a high incidence of degenerative changes in the lumbo-
sacral disc and a shortened first sacral vertebra are found in the group with backward dis-

placement. It has also been seen that, outside of this group, there was no difference in size

of the fifth lumbar and first sacral vertebrae, and a very low incidence of disc disease. The
incidence of degenerative changes in the annulus fibrosus is no higher in the control group
with backache than it was in the series of symptomless males reported by Brav, Bruck,
and Fruchter. In both series, the posterior width of the discs was 6 milfimeters. This leads
to the inference that there is a correlation between a shortened first sacral vertebra and
degenerative changes in the lumbosacral disc.

When such a difference in size exists, the posterior border of the fifth lumbar vertebra
overhangs that of the first sacral vertebra, so that the posterior fibers of the annulus
fibrosus are oblique instead of vertical. This creates an abnormal strain on these fibers,

and accelerates the processes of hyalinization and fissuring which take place during life"-^-^.

This fissuring opens avenues to leakage and dehydration of the nucleus pulposus. The
narrowing of the posterior margin results from the degenerative changes in the annulus
fibrosus and is followed, as the nucleus pulposus shrinks, by thinning of the whole disc.
Therefore, one sees-that a shortened first sacral vertebra increases the fragility of the lum-
bosacral disc in the young adult male.

The comparison of the symptoms in the cases with backward displacement and in the
lemaining group was striking. Those men with backward displacement.of the fifth lumbar
vertebra had a much higher incidence of severe low backache, sciatica, and herniated disc
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several of our cases, a reduction diet was necessary for as long as two or three months, in

order to reduce the patient’s weight sufhciently, so that he would be a suitable candidate

for this major surgical procedure. Excessive adipose tissue in the abdominal wall only adds

mechanical difficulty during the operation.

Prior to operation, each of these patients had a thorough examination from an

anaesthetic point of view. Frequently, with abdominal paialysis, the diaphiagm is also

paralyzed. Such a condition offers a considerable hazard, and the surgeon should appreci-

ate the condition, if it is present, before surgery is contemplated. If any chesfcomplications

develop postoperatively, roentgenograms may reveal an elevation of the diaphragm. If

there are no preoperative roentgenograms, the surgeon is unable to determine whether the

patient had a paralyzed diaphragm preoperatively, or whether the elevation is a secondary

complication from the surgery. For this reason, every patient should have a preoperative

roentgenogram of the chest.

Nitrous oxide is adequate in the majority of cases, since only first-plane anaesthesia

is necessary, and the operation usually lasts two hours or longer. Some patients have

needed intratracheal intubation, because of the position required on the table after the

fascial transplants have been sutured into place. In these cases it was necessary to employ

either pentothal sodium or ether in conjunction with the nitrous oxide to allow sufficient

relaxation for the intubation procedure. If there is any paralysis of the muscles of respira-

tion, intubation should be employed. One of our patients (Case 7) had previously had a

serious shrapnel wound of the left lung. In this instance, for both operative stages, spinal

anaesthesia was used satisfactorily in conjunction with nitrous oxide and pentothal sodium.

Operative Technique

The location of the fascial straps is determined by considering the paralysis in each

individual case. In those cases wherein no significant muscle power could be demonstrated

in the abdominal wall, anteriorly or laterally, it has been our plan to perform two operative

procedures (Cases 4, 5, 6, and 7). The first stage is accomplished by making cross straps

from the ninth rib just inside the nipple line to the opposite ilium immediately behind the

anterior superior spine on both sides. When the major cross straps have been implanted,

we have endeavored to connect them with the anterior rectus sheath cephalad to the

umbilicus (Figs. 6 and 8). This is done because the connection above the umbilicus serves

as a link, releasing the strain on the transposed fascia. Secondly, should the patient later

have a muscle rating of “poor” or “trace” cephalad to the umbilicus, the fascia may then
give some resistance to this weakened muscle, if it has been directly connected to it and
is not simply overlying it. At the time of the second operative stage, the rib cage and the
pelvis are connected laterally from the tenth rib in the mid-axillary line' to the crest of the
ilium by fascial straps. The latter attachment is either in the mid-axillary line or more
posterior, depending upon the strength of the quadratus lumborum. At this time, an addi-
tional strap of fascia is utilized to give the paralyzed abdominal wall support in the mid-
line anteriorly from the chondro-osseous junction of the ribs to the opposite superior
pubic ramus. This is intended to supplant the work of the rectus abdominis, and to dimin-
ish marked lumbar lordosis. It is technically impossible to perform such extensive surgery
in one operative'stage, as the patient would have to be on the operating table for too long
a period of time. We feel that the making of the cross straps in the completely paralyzed
abdominal wall should be done first. They are more important structurally than the lat-
eral straps or the anterior strap, and are primarily intended to supplant the trunk-twisting
muscles (the obliques, primarily). Also, they give the serratus anterior something to pull
against, thus making the upper extremity much more useful to the patient. One operative
procedure is sufficient, if only the two long cross straps are to be inserted (Figs. 8 and 9).
Similarlj^, only one operation is necessary if three or four short straps of fascia are needed
(Figs. 1-A, 2, and 3).
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sj'ndromes. IMost of the diagnostic and surgical procedures for herniated discs were per-

formed on these fifty-six patients. From the I’ecords, it was found that the results of these

procedures were not satisfactory; and, at the time of the roentgenogi-aphic e.xaniination,

the sj^mptoms were not improved.

These symptoms are attributed to pressure on the nerve roots in the. intervertebral

foramina, caused by the narrowing of the foramina and exaggerated, in those cases with

backward displacement, b3" the encroachment of the lower posterior border of the fifth

lumbar vertebra. Subluxation of the facets, as discussed by Scott in degenerative disc

disease, also plaj^s a role in the production of symptoms (Figs. 5-A, 5-B, and 6).

The differentiation of disc herniation from degenerative disc disease is obviously of

great therapeutic importance because, in disc disease, there is no herniated material to

remove for the purpose of alleviating pressure on the nerve roots. This explains in great

part the poor results after surgery. Instead, it would seem logical, in the presence of disc

disease and actual backward displacement, to fuse the lumbosacral joint, with the lumbo-

sacral junction in hyperflexion, in order to reduce the vertebral slipping as much as possi-

ble, and to improve the width of the intervertebral foramina.

'

When the roentgenologist finds a malalignment of the fifth lumbar with the first

sacral vertebra, the lower border of the fifth lumbar and the upper border of the first sacral,

as well as the amount of malalignment, should be measured. If the malalignment exceeds

the difference in diameters, there is actual backward displacement. Careful scrutiny of

the apophx'seal joints shows overriding of the facets and, eventually, impingement upon the

pedicles or laminae. A narrowing of the posterior aspect of the lumbosacral disc is com-

monty found and its significance is controversial; but, when associated with signs of in-

stabilitj’-, it can be inferred that degenerative changes are taking place.

Note: This paper is published by permission of the Veterans Administration. Neither the Medical

Director nor the Veterans Administration assumes responsibility for statements contained herein, and the

paper does not reflect any policy of the organization or of the Medical Director.
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Fig. 5: Case 5. Muscle status and fascial repair.

Right Left

2 Quadratus lumborum 1

4 Serratus anterior 4

2 Erector spinae 2

0 Upper rectus abdominis 0

0 Lower rectus abdominis 0

Right

0 Upper obliquus abdominis

0 Lower obliquus abdominis

4 Upper extremities

0 Lower extremities

Left

0

0

4

0

This patient is to have fascial straps

Fig. 6: Case 6. Muscle status and fascial

repair.

Right Left

0 Quadratus lumborum 0

3 Serratus anterior 3

2 Erector spinae 2

2 Upper rectus abdominis 0

0 Lower rectus abdominis 0

2 Upper obUquus abdominis 0

0 Lower obliquus abdominis 0

3 Upper extremities 3

0 Lower extremities 0

for quadratus lumborum and recti.

Fig. 7: Case 7. Muscle status and fascial

repair.

Right Left

0 Quadratus lumborum 0

4 Serratus anterior ‘I

3 Erector spinae 3

2 Upper rectus abdominis 2

0 Lower rectus abdominis 0

0 Upper obliquus abdominis 2

0 Lower obliquus abdominis 0

4 Upper e.xtremities ^

0 Lower e.xtremities ^

If the patient is fortunate enough to have some muscle power in the abdominal wall,

hether in the upper or the lower quadrants, every attempt should be made to utilize this

)wer; and the straps of fascia should be connected by fascial tunnels from the intact

uscle to the bone insertion. When no muscle strength is present, bone-to-bone attach-

ents are used. In any instance wherein bone is used, the tunnel should be covered by a

•m bridge of bone. For example, in the ilium an adequate bridge of bone should be piesent

„.i top of the tunnel to anchor the fascial straps firmly. If good bony anchorage is obtaine ,

physical therapy in the form of rather rigorous underwater exercises can be engaged m

with impunity at an early date postoperatively. The most difficult area in which to ma 'c

a good bone tunnel is the superior ramus of the pubic bone just latei’al to the symphysis-

A rete of veins is encountei’ed in this area, which, if damaged, may allow blood to co ec^

between the fascial spaces and cause difficulty. Care must be taken, so that damage "

not be done to the stimctures of the inguinal canal.

We have been very liberal with the amount of fascia employed. Previous authors lav

^

mentioned that nine-inch straps are sufficiently long to be used as fascial transplaufs.

is true for the transplants used laterally in the mid-a.xillary line from the tenth liba

crests of the ilia. In all of our cases, however, the cross straps and the anterior strap i^_^

had to be from twelve to fourteen inches in length in order to reach satisfactorily

tances required. It is necessary to bring the fascia through the osteoperiosteal

double the ends back onto themselves before suturing. Moreover, from the cases le

the jourxal of bone and joint sc



THE PERIPHERAL DISEASE OF POLIOMYELITIS

BY JOHN F. POIIL, M.D., MINNEAPOLIS, MINNESOTA

From Ihc Elizabeth Kenny Insliliite, Minneapolis

Considerable doubt has arisen that the peripheral symptoms of poliomyelitis can be

satisfactorily or wholly explained on the basis of the observed pathological process in the

nervous system. From clinical studies, there is reason to suspect, in addition, that the

disease directly assaults the peripheral tissues of the body. So devastating are the eventual

changes in the peripheral structures, and so damaging to locomotion, that it is most neces-

sary to consider every possible origin of such effects and to ascertain the means by which

these local changes take place, in order that effective preventive measures may be utilized.

By comparison with the voluminous reported studies of the disease in the nervous

system, the peripheral tissues have been practically neglected. The studies of Carey and

his associates ^ indicate that motor-nerve endings in muscle may be primarily affected.

Knowledge that tissue of the central nervous system has a favorable attraction for the

virus of poliomyelitis has beguiled most investigators from serious consideration of the

disease process directlj’’ affecting the peripheral tissues.

The dearth of objective findings in the peripheral tissues, reported in the literature,

does not necessarily prove an absence of primary changes in these parts. It is entirely

possible that the methods of study of tissues are still not sufficiently precise to detect

changes due to poliomyelitis in these particular tissues. Changes in the skin and muscles

escape the pathologist, unless the variations due to pathological changes are remarkable.

Poliomyelitis has long been considered to be a disease basically affecting the central

nervous system, with the principal lesion in the spinal cord. Study of the disease has
largely been centered about the most easily observed symptom,—weakness or paralysis of

the skeletal muscles. Extensive laboratory studies of the disease processes leave little doubt
that destruction of anterior-horn cells of the spinal cord may occur, and that permanent
motor denervation with paralysis of the correlated muscle units of the body is inescapable
in such a case.

Changes in the peripheral tissues have been thought to be entirely dependent upon,
and secondary to, the disease in the spinal cord. Not only paresis, but also atrophy, con-
tractures, joint stiffness, leg shortening, circulatory and trophic changes, deformities, and
other sequelae were considered to be an unavoidable aftermath of the disease. The spinal
cord is relatively inaccessible and its affection unresponsive to any form of therapy known
at present.

From a knowledge of anatomy and of the pathology of the nervous system in polio-
myelitis, the outlook was definitely not hopeful. As one author recently summed up the
situation; “About the only thing that can be done is to let it run its course and then try
to patch up the damage”.

Based upon the concept that the principal lesion of poliomyelitis is an affection of the
central nervous system, the most conscientious efforts in treatment have not prevented a
fearful toll of crippled and deformed victims. Poliomyelitis remains the leading single
cause of crippling of children in the United States today. It is, therefore, of importance
to set down clinical observations upon which possible improvement in methods of treat-
ment may be based.

CLINICAL DATA

A recent contribution to our clinical knowledge of poliomyelitis is Miss Kenny’s
emphasis upon spasm or hypertonicity as a distinct entity. Whereas paralysis is reported
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Right Left

4 Quadratus lumborum 4

4 Serratus anterior 4

4 Erector spinae 4

4 Upper rectus abdominis 3

0 Lower rectus abdominis 0

2 Upper obliquus abdominis 2

0 Lower obliquus abdominis 0

4 Upper extremities 4

2 Lower extremities 3

Fig. 9

Cask 9. Muscle status and fascial repair.

Right Left

3 Quadratus lumborum 3

4 Serratus anterior 4

1 Erector spinae 1

3 Upper rectus abdominis 3

0 Lower rectus abdominis 0

0 Upper obliquus abdominis 0

0 Lower obliquus abdominis 0

4 Upper extremities 4

3 Lower extremities 3

presented, it appears that the broader the strap, the more support will be given to the

abdominal wall. We have tried to make our straps of fascia one inch or more in width. In

order to obtain such liberal quantities of fascia, a separate operating team is employed. Re-

moval of the fascia is performed under direct vision, a long incision being made posterolat-

erally on the thigh from just below the trochanteric area to the level of the knee joint. In

some cases, it is necessary to remove the superficial fibrous sheath of the tensor fasciae

femoris superiorly, in order to get sufficient length. Distally, one has to go as far as the

deep fascia of the thigh just above the knee joint. If fascia from only one thigh is needed,

selection of the donor thigh is determined by the amount of muscle power present. If there

is any difference, the weaker extremity is utilized. When the operation must be done in two
stages, fascia from both thighs is required. With such a wide strap of fascia removed, it is

believed that to attempt to suture the remaining fascia would only cause pain to the pa-
tient. Thus in order to repair the donor fascial site, the subcutaneous tissues are closed with
interrupted No. 60 cotton sutures, and fine continuous wire is used for the skin, followed
by a pressure dressing.

Concerning the fate of this fascia in its new site, it makes no difference whether a tube
is made out of it, or whether it is sutured into place as a flat piece. The fascia very soon
rolls upon itself, assuming the shape of a strong cord (Fig. 1-B). When one palpates the
fascial transplants months later, they are rope-like, rather than flat.

The table on which the patient is placed during the operative procedure is in a flat

position, thus allowing more room for the two operating teams.
Skin incisions are made in line with the cleavage of the skin. These incisions heal easily

with minimum scar. A five-inch incision is utilized over the selected rib site; an incision of
from three to four inches is adequate for the ilium; and an incision of from four to five
inches, made in a circular fashion about the umbilicus, gives excellent exposure for the

VOL. 29. XO. 4. OCTOBER 1947



FRACTURE-DISLOCATION OF THE THORACOLUMBAR SPINE

With Special Refekence to Reduction by Open and Closed Operations*

BY J. KENNETH STANGER, F.R.C.S., NEWCASTLE-UPON-TYNE, ENGLAND

This paper is based upon an analysis of forty-three patients, treated in the Orthopaedic

Department of the Royal Victoria Infirmary, Newcastle-upon-Tyne, and in allied hospitals

in the district, during a period of approximately six years.

In the vast coal-mining district of Northumberland and Durham, 137,000 men are

employed in the industry. The nature of their work is hazardous, and the large majority

of the patients with industrial injuries admitted to the hospitals are pitmen. Injuries to

the spine occur relatively frequently, and the pitman and his family have come to dread

the term “fractured spine”, bringing with it, as it does, the vision of permanent paralysis

and of a life which is truly worse than death. Of course, not all fractured spines are

fracture-dislocations, nor are the latter invariably associated with complete paraplegia.

The psychological association remains, however; and this may, in part, account for the

high rate of incapacity among miners who have sustained compression fractures, fractures

of transverse processes, and other less severe injuries.

The seams in these coal fields are low,—^two feet is considered an average; the lowest

is eighteen inches. The pitman works, crouching in a confined space; the roof constantly

shifts or settles; and “falls of stone” or of “roof” are relatively frequent. If crushed by
such a fall while lying, any variety of injury may occur. If sitting in a crouched position,

the shoulders are forced forward and downward, causing excessive flexion of the trunk and
spine, and resulting in anything from a compression fracture of a vertebral body to a

complete fracture-dislocation with paraplegia. In hyperflexion of the spine, the relatively

fragile vertebral body is compressed by the body above it, so that a hinge action occurs at
the intervertebral articulations. If the force is continued, the interspinous and inter-

vertebral ligaments, and possibly the disc, are ruptured; and dislocation of the interver-

tebral articulations occurs, so that the upper vertebral body moves forward on the lower.
It is then that pressure on, or section of, the spinal cord may occur. The lower articular

processes of the vertebra above may be transposed to the front of the upper processes of
the vertebra below, so that they become locked in luxation and the dislocation cannot be
reduced spontaneously. One or more of these processes may be fractured.

INDICATIONS FOR OPERATION

It has been thought that the paraplegia which complicates fracture-dislocation might
be due to; '

. •

1- Section of the cord, in which case it is incurable
;

’
> " \

2. Pressure on, or stretching of, the cord, w-ithout section

;

3. Hematomyelia or oedema.
It seems doubtful whether so-called spinal shock ever occurs.

If the paraplegia is due to pressure, hemorrhage, or oedema, and therefore remediable,
k IS reasonable to assume that recovery might be expedited by the reduction of the displace-
ment and the relief of the pressure. The question arises of how one can estimate the cause
or degree of trauma to the cord. Unless the paraplegia is partial, it is impossible to tell on
neurological grounds alone whether or not there has been a complete severance of the
001 d; and, as will be shown later, gross bone displacement, if in injuries of the lower
uinbar spine, does not necessarily indicate gross cord damage. A further indication for

Spring Meeting of The British Orthopaedic Association, Newcastle-upon-Tyne,
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reduction, even in cases of fracture-dislocation without paraplegia, would appear to be the
complete correction of the skeletal lesion, so that a maximum recovery of function is

achieved. In a large proportion of the patients in the present series, therefore, open or

closed reduction has been attempted; and a critical analysis of the results is presented.

The series is certainly not great enough to justify any definite conclusions on statistical

grounds; but certain general impressions are gained, and a few of the cases are worthy of

Vjjf

m-

Fig 1-A Fig. 1-B

Case I, G B This patient had a fiactuie-dislocatiou between the twelfth thoracic and the first

Jumbal veitebiae, with intei locking of the aiticular facets.

Figs 1-A and 1-B Befoie i eduction.

A ’ •>

I

Fig 1-C
Fig 1-D

Immediatelj^ after reduction.
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work about the anterior abdominal wall. The lumbar spine is acutely flexed by placing tlie

operating table in a V position, when the operator is ready to anchor the straps. In this way,

the fascial straps are anchored with No. 9 cotton sutures as tightl}'- as possible. The more

tension that can be placed on these fascial straps, the easier it will be for them to perform

their function (Fig. 4-B). The only exception to this rule is when the erector spinae are

weak. It is unwise to deprive the patient of all of his lumbar lordosis, which he may need

in balancing activities. In this event, the straps are anchored snuglj'-, but the lumbar spine

is not flexed to such an acute degree. After closure of the abdominal wounds with inter-

rupted No. 60 cotton subcutaneously and continuous wire for the skin, the patient’s bed

is brought to the operating room, placed in a V position, and the patient is lifted from the

table to the bed without allowing any stress to be placed upon the fascial grafts.

Postoperative Care

As soon as the anaesthesia has worn off, the patient is encouraged to cough several

times hourly, in an attempt to prevent any pulmonary complications. A pulmonary atelec-

tasis developed in one of our patients (Case 5), but with conservative measures, such as

voluntary coughing on the part of the patient and the use of an oxygen tent, he progressed

very satisfactorily. No other complications have been noticed in this series.

The following day, a graduate physical therapist resumes bed therapy to the extremi-

ties, in order to prevent any contractures from developing during the three weeks in bed.

After three weeks of the V position in bed, the stitches having been removed, the patient

is transported on a litter to the pool. The flexion of the lumbar spine is maintained by

having the patient lie on his side. Underwater therapeutic exercises are begun. After the

patient is in the pool, he lies on the plinth, and then tries wig-wag and trunk-rolling exer-

cises with progressive intensity. The buoyancy of the water helps to relieve the weight of

the lower legs on the fascial straps, while these exercises are being done. During the first

few daj's, the legs are placed in a rubber ring, in order to prevent stress on the new im-

plants. In this way, an increasing amount of work is placed on these fascial straps, which

is sufficient to initiate work hj^pertrophy. Gradually, more and more is done daily in the

therapeutic pool. At the end of the six weeks, the nurses on the ward are instructed to

lower the foot portion of the bed gradually. In about a week the bed has been restored to

its normal position.

At the end of the si.x weeks, walking exercises are begun. During the convalescent bed

period, the patient’s braces have been checked thoroughly, so that there will be no delay

in resuming walking exercises, when his bed period is finished. A physical therapist, es-

pecially trained in walking exercises, is employed for this purpose. The patient slowly ac-

complishes more and more, as his uninvolved muscles regain their strength, and as the

fascial grafts take over more and more of the work intended for them.

RESULTS

The evaluation of improvement from fascial transplantation to the abdomen is diffi

cult. The main reason for this is probably due to the fact that there are such variations o

paralytic involvement in patients who have poliomyelitis. No criteria have heretofore been

suggested upon which to base improvement from this operation. At this Hospital, ve have

tried to formulate an accurate method to judge the degree of a patient’s improveme

postoperativeh'. During his convalescent period, a patient with severe involvement mu»

undergo a series of complex activities. To a normal individual, these activities aie q

simple; but it requii'es months and even years for the paraplegic and quadriplegic to

such activities. We have selected seventeen different activities which the paialv'^zc

vddual must accomplish with some degree of perfection, in order to make himse

pendent.
_ moli'i*'

We have consolidated into one chart the preoperative and postoperativ'e acco
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About fifteen j'ears ago, Dr. John Royal Moore of Philadelphia told me about a small series of patients

with congenital club-foot in which he had transplanted the anterior tibial tendon to the lateral border of

the foot. He found that it threw the foot out of balance, as time went on, and that he had to put it back in

place in a large proportion of cases. He abandoned the operation without publishing the results.

In the short period of five years. Dr. Garceau and Dr. Manning have had to put two back, and they s.iy

a third cliild needs it. Manj-^ more maj' need it before the growdh period has been completed.

My suggestion is that we all spend time and thought on how to improve our plaster technique. We will

then have the satisfaction of knowing that we have done no harm to the foot. We will see club-footed childien

go mto life with more flexible and useful feet, and with fewer adhesions and sears.

Db. Ch.vrles W . Peabody, Detroit, Michigan: Dr. Garceau has made an excellent presentation of

his treatment in this paper, and I am sufficiently acquainted with his work and character to give major con-

sideration to any observations and conclusions he makes. I have also seen the results in some of his cases.

I appreciate liis calling upon me to participate in the discussion, and I believe I know his reason. Some
fifteen or more years ago, I presented, at an Association Meeting, a paper which involved a study of congenital

metatarsus varus. This paper included an operative observation of an instance of this deformity where the

anterior tibial tendon lacked any normal bony insertion.

Subsequently, I found the same anomaly in a recurrent club foot, which remained corrected after such

tendon transposition. So, I believe the possibility of such an anomaly must be considered in the treatment of

either tjqie of congenital foot deformity.

Furthermore, I have long stressed not only the influence of muscle imbalance in producmg foot de-

formities, but also the necessity of balanced redistribution, no matter what else is done.

I have also held to the theory that talipes equinovarus results from a prenatal muscle imbalance, due to

an imperfect development of pronator and extensor function. I am convinced that often a permanent lesidual

insufficiency prevails in the three peronei, and that, when this can be demonstrated in the-recurrent cases,

transposition of the anterior tibial tendon is indicated. However, I believe it is always difficult and usually

unnecessary to make the shift as far out as Dr. Garceau does; for if the skeletal deformity is adequately cor-

rected, mid-foot transposition is enough and reversed imbalance is more likely to be avoided.

Now, in case Dr. Garceau does not do so in closing, I want to further stress the absolute necessity for

complete overcorrection and maintenance of it until functional recovery of the evertors, with total muscle

balance, has had opportunity to occur. With any persistence at all of either supination or of forefoot varus,

the different fulcrum points in the foot are so far off their dead center that one set of muscles works at an

enhanced advantage and the other at a major mechanical disadvantage.

Dr. Eben W. Fiske, Pittsburgh, Pennsylvania: Over thirty years ago, I came out with a very definite

^
stand on the conservative treatment of club-foot. It was nothing new then; the doctors all knew it, but for

some reason they had constantly forgotten it. In the Children’s Hospital at Boston, we had a series of early

cases m which operation was performed. I had the opportunity to watch what happened to these patients,

as compared to those who were treated conservatively. We developed a technique of conservative treatment

with no attempt at operative treatment and without any cutting, any anaesthetic, or any stretching, ^ot

only were the results better, but they remained better. To me the key to the whole matter was the absence

of trauma. It is not a matter of re-establishing bones and joints, it is a question of not traumatizing the

bones or joint surfaces, or the vessels and nerves. I still believe that one of the important features in the suc-

cessful treatment of club-foot is that we should carefully treat these cases without any force or trauma.

IWien we do that, we will have preserved all the tissues in the foot, and we will be able to restore them to

normal, and have the functional result that we should have.

I am interested in Dr. Kite's method, but I have had little experience with it, because I like my oun-

I feel that, if we mold these feet without trauma and do it often enough, we will get a result. As Dr. e

stressed, the foot itself must be corrected by abduction and eversion first. Complete overcorrection nil rteu

in a foot that will function proper^. The muscle balance will correct itself, and we 'vill have no worry a ou

tendon transplantation.

Dr. George J. G.ARCE.xtr, Indian.ipolis, Indi.ana (closing): I wonder what Dr. Kite does nit i t^ie

per cent, of cases which he reports unsatisfactory? This operation was performed on 6.7 per cent.

of 1,275 patients. In discussing bone-cutting operations for recurrent club feet, Dr. Kite says,
^ ^

should relapse, the same operation can be done again, removing a little more bene where necessarj^^^^_^^^

successful correction obtained”. We have done anterior tendon transposition rather than a bone

operation. We have had to restore the anterior tibial tendon to its former natural insertion, but can s

objection to this. It is a small price for obtaining a good weight-bearing foot.
inJica-

This operation is resorted to only when recurrence of the deformity cannot be prevented an m

tion of muscle imbalance is present.
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Improvement Record Chart

1039

Case 1 2 3 4 5 6 7 8 9

Age of Patient 30 44 23 22 25 21 22 33 24

Duration of Disease Prior

to Transplantation (Months) 2G 31 10 0 24 19 9 23 22

Duration of Disease Since

Transplantation (Months) 10 9 8 5 4 4 2 3 2

Xumber of

Operative Procedures 1 1 1 2 1 2 2 1 1

.Ability to Grade Grade Grade Grade Grade Grade Grade Grade Grade

Roll over in Bed III III III III II III O-b II I

Ability to Grade Grade Grade Grade Grade Grade Grade Grade Grade

Sit up in Bed III III III II II III IV III O-b

Ability to Get into Grade Grade Grade Grade Grade Grade Grade Grade Grade

and out of Braces III III III III II O-b IV I O-a

Ability to Get into Grade Grade Grade Grade Grade Grade Grade Grade Grade

and out of Wheel Chair IT IV III III II III O-b I II

•Ability to Get into and Grade Grade Grade Grade Grade Grade Grade Grade Grade
out of Straight Chair IV II III II I O-a IV O-b II

Ability to Dress Grade Grade Grade Grade Grade Grade Grade Grade Grade
and Undress 0-b II III III II II I II O-b

Ability to Grade Grade Grade Grade Grade Grade Grade Grade Grade
Walk in Pool III II III III II IV IV III II

Ability to Walk Grade Grade Grade Grade Grade Grade Grade Grade Grade
in Parallel Bars III III III III II O-b II II II

Ability to Grade Grade Grade Grade Grade Grade Grade Grade Grade
Walk in Walker III III III III II IV III II III

Ability to Walk with Grade Grade Grade Grade Grade Grade Grade Grade Grade
Crutches—Four Point Gait IV III III III II O-a IV III III

Ability to Walk Grade Grade Grade Grade Grade Grade Grade Grade Grade
with Glider Canes IV III 0-a 0-a I O-a IV IV O-a

Ability to Grade Grade Grade Grade Grade Grade Grade Grade Grade
Walk with Canes 0-a 0-a 0-a IV 0-a O-a O-a IV O-a

-Ability to Walk Three- Grade Grade Grade Grade Grade Grade Grade Grade Grade
Inch Steps with Rail IV IV III IV 0-a O-a IV II O-a

Ability to Recover Grade Grade Grade Grade Grade Grade Grade Grade Grade
Objects from Floor III III III II I O-a IV O-b II

Ability to Get onto Grade Grade Grade Grade Grade Grade Grade Grade Grade
and off Commode IV IV IV IV III I IV II I

Improvement of Grade Grade Grade Grade Grade Grade Grade Grade Grade
Bowel Function III III O-b O-b O-b O-b O-b O-b II

Balance
Grade Grade Grade Grade Grade Grade Grade Grade Grade
III III IV III IV III III III III

xivuiciiu uuu ijciiuriu acLivity ueiore or uiLor surg;ery.

Grade 0-b: Patient could perform activity before surgery, and noted no improvement after surgery.
Grade I : Mild improvement.
Grade II . Moderate improvement.
Grade III: Marked improvement.
Grade lA : Patient could perform activity after surgery, ^vhich he could not perform before surgery.
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INTERTROCHANTERIC FRACTURES OF THE FEMUR

A Survey of Treatment in Traction and by Internal Fixation

BY MATHER CLEVELAND, M.D., DAVID M. BOSWORTH, M.D., AND

FREDERICK R. THOMPSON, M.D., NEW YORK, N. Y.

From the Orthopaedic Seroice of Si. Luke’s Hospital, New York City

This survey of 133 consecutive cases of intertrochanteric fracture of the femur, from

the Orthopaedic Service of St. Luke’s Hospital, includes follow-up studies in 94 per cent,

of the cases. In only seven patients, all from the group treated conservatively, is the final

outcome not known. The final outcome of all patients treated by internal fixation is known,

and recently they have been examined by the authors for the purposes of this study. The

series consists of (1) a group of thirty-eight case's treated mainly by traction, and (2) a

group of ninety-five consecutive cases treated by internal fixation. The period of study

extends from August 1938 until January 1947. During the first three years, treatment was

by traction, usually of the Russell type, although two cases were treated with well-leg

traction and one with skeletal traction through the lower end of the femur. This survey

is an endeavor to compare the results among those patients treated by internal fixation

Mth the results among those upon whom traction was employed.

AGE AND SEX

These patients ivere elderly, with average ages from twelve to fifteen years higher

than those previously reported with intracapsular fractures.^ Patients treated with trac-

tion had an average age of seventy-eight years, while those treated with nail fixation had
an average age of seventy-five years. Over half the patients in each group were in the eighth

and ninth decades of life. They had, therefore, but a few years of life expectancy. Those
who survived for several years were usually in the younger age group,—the seventh decade
or younger (Table I)

.

The sex incidence in the two groups shows that 90 per cent, were -women. The pre-

ponderance of female patients is probably explained by their less rugged bony structure,

and usually more pronounced atrophic osseous changes. Actuarial statistics from a large

insurance company show that, at the age of seventy-five, there are 108.9 females alive to
every 100 males. In other -words, only about 9 per cent, more women are alive at that age
than men. Our ratio of fractures in women as compared with those in men, ho-wever, was
9 to 1. This should be compared with another group reported from this Hospital with
fractures of the neck of the femur, in which the ratio of women to men was 4 to 1. There
must, therefore, be some definite cause for the higher female incidence, such as that just
mentioned.

RACE

In this series of patients, there has been no instance of a negro patient with a trochan-
teric fracture. This is so despite the fact that St. Luke’s Hospital lies close to the Harlem
district of New York City. Such cases do occur, since they are encountered occasionally
by one of the authors in another city institution, but apparently they are not so common
among aged negroes as among aged whites. The more rugged skeletal frame of the negro
may be the reason.

Janua^*^58
Annual Meeting of The American Academy of Orthopaedic Surgeons, Chicago, Illinois,
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work about the anterior abdominal wall. The lumbar spine is acutely fle.xed by placing the

operating table in a V position, when the operator is ready to anchor the straps. In this wav,

the fascial straps are anchored with No. 9 cotton sutures as tightly as possible. The more

tension that can be placed on these fascial straps, the easier it will be for them to perform

their function (Fig. 4-B). The only exception to this rule is when the erector spinae are

weak. It is unwise to deprive the patient of all of his lumbar lordosis, which he may need

in balancing activities. In this event, the straps are anchored snugly, but the lumbar spine

is not flexed to such an acute degree. After closure of the abdominal wounds with inter-

rupted No. 60 cotton subcutaneously and continuous wire for the skin, the patient’s bed

is brought to the operating room, placed in a V position, and the patient is lifted from the

table to the bed without allowing any stress to be placed upon the fascial grafts.

Postoperative Care

As soon as the anaesthesia has worn off, the patient is encouraged to cough several

times hourly, in an attempt to prevent any pulmonary complications. A pulmonary atelec-

tasis developed in one of our patients (Case 5), but with conservative measures, such as

voluntary coughing on the part of the patient and the use of an oxygen tent, he progressed

very satisfactorily. No other complications have been noticed in this series.

The following day, a graduate physical therapist resumes bed therapy to the extremi-

ties, in order to prevent any contractures from developing during the three weeks in bed.

After three weeks of the V position in bed, the stitches having been removed, the patient

is transported on a litter to the pool. The flexion of the lumbar spine is maintained by

having the patient lie on his side. Underwater therapeutic exercises are begun. After the

patient is in the pool, he lies on the plinth, and then tries wig-wag and trunk-rolling exer-

cises with progressive intensity. The buoyancy of the water helps to relieve the weight oi

the lower legs on the fascial straps, while these exercises are being done. During the first

few days, the legs are placed in a rubber ring, in order to prevent stress on the new im-

plants. In this way, an increasing amount of work is placed on these fascial straps, which

is sufficient to initiate work hypertrophy. Gradually, more and more is done daily in the

therapeutic pool. At the end of the six weeks, the nurses on the ward are instructed to

lower the foot portion of the bed gradually. In about a week the bed has been restored to

its normal position.

.\t the end of the six weeks, walking exercises are begun. During the convalescent bed

period, the patient’s braces have been checked thoroughly, so that there will be no delay

in resuming walking exercises, when his bed period is finished. A physical therapist, es-

pecially trained in walking exercises, is employed for this purpose. The patient slowly ac-

complishes more and more, as his uninvolved muscles regain their strength, and as the

fascial grafts take over more and more of the work intended for them.

RESULTS

The evaluation of improvement from fascial transplantation to the abdomen is diffi

cult. The main reason for this is probably due to the fact that there are such variations o

para^dic involvement in patients who have poliomyelitis. No criteria have heretofore been

suggested upon which to base improvement from this operation. At this Hospital, we lav

tried to formulate an accurate method to judge the degree of a patient’s iraprovemc
^

postoperativel3L During his convalescent period, a patient with severe involvement miia

undergo a series of complex activities. To a normal individual, these activities aie

simple; but it requires months and even year’s for the paraplegic and quadriplegic to

such activities. We have selected seventeen different activities which the paia yze^

vidual must accomplish with some degree of perfection, in order to make himse

pendent.
. moli'b'

We have consolidated into one chart the preoperative and postoperative acco
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The second physical function in which all patients have shown improvement is walk-

ing. We have subdivided this into ability to walk (a) in the therapeutic pool, (b) with

parallel bars, (c) in a walker, and (d) with crutches. Only one of the patients failed to no-

tice improvement in the use of crutches, and he was very severely paralyzed (quadriplegic).

He was unable to walk with crutches before the procedure, and four months after the op-

eration this activity was still impossible, and he has, therefore, been graded Grade 0-a

(Case 6). However, it will be noticed in this case that the patient is now able to walk in the

walker, which was impossible prior to surgery. After he has walked long enough to develop

sufficient strength in his upper e.xtremities to hold his weight, the patient will undoubtedly

be able to walk with crutches. Of the remainder of the patients, two who could not walk with

crutches preoperatively are now able to do so, and five have shown a striking degree of

improvement in walking with crutches. These patients are placed in the Grade III group.

One patient (Case 5) has noticed a Grade II improvement; however, this patient has had

only the first-stage operation (cross straps) (Fig. 5), but it is apparent that he will need the

second stage for his weak quadratus and recti, in order to gain maximum improvement

from fascial transplantation. Three of our patients have been able to walk with glider

canes, which they were unable to do prior to the operative procedure. One of them has

shown a Grade III, and one a Grade I improvement, with respect to this activity. Four of

the patients were not able to use glider canes prior to surgery, and have not been able to

use them since surgery. They have, therefore, been placed in Grade 0-a. Two of the pa-

tients, who needed crutches preoperatively, were able to walk with ordinary canes for the

first time after the operation. The remaining seven patients have been unable to use ordi-

nary canes either before or after surgery; and therefore, they are placed in Grade 0-a.

One very important improvement which we have observed in all of the patients has

been the ability to get on and off a commode. If these patients with severe involvement

can handle themselves adequately without assistance in this particular activity alone, we
believe that this surgical procedure is well warranted. In our group of patients, five are now
able to accomplish this routine without assistance; whereas, before operation, it was im-

possible. One patient has noticed Grade III improvement, one has noticed Grade II im-

provement, and two have noticed Grade I improvement, with regard to the use of the

commode. Strangely enough, two of our patients no longer show constipation as they did

prior to surgery. There was no change in the bladder function, in so far as we could as-

certain.

Concerning the ability to get in and out of their braces, seven patients have noticed

improvement,—one Grade IV, four Grade iH, one Grade II, and one Grade I. One has
noticed no change,—^that is, he could not do it before and he cannot do it now. This individ-
ual has a back brace attached to two long leg braces, and has complete paralysis of both
lower legs. The other patient (Case 9) who is in Grade 0-a was not graded in this partic-
ular activity, since he does not use braces. All of the patients except one have noticed im-
provement in being able to sit up in bed. Similarly, all except one have noticed improve-
ment in being able to roll over in bed. That one (Case 7) falls into Grade 0-b, because he
could do it with equal agility before surgery. Eight of the patients have noticed improve-
ment in being able to get into and out of a wheel chair. Only one patient has noticed no
change. Seven patients have noticed improvement in their ability to get into and out of a
straight chair. One of the other two falls into Grade 0-b, and the other into Grade 0-a.

Four patients have had sufficient abdominal paralysis to necessitate two surgical pro-
cedures, and five have onl5'- needed one operative procedure. In Case 5, as mentioned
above, only the first or cross-strap procedure has been done; in the near future the second
operation will be performed. Owing to the development of pulmonary atelectasis, it was
deemed wise to delay the second stage for a few weeks. Usually, however, the second or
completion stage is performed three weeks following the first operation.
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DISCUSSION

These patients must learn to use their new abdominal support. They must learn how-

to bring the shoulders back and the thoracic cage up, in order to put maximum tension on

the transplanted fascia, and thus bring forward the anterior portion of the pelvis. This ac-

tion transmits the needed power from the arms, shoulders, and chest to the lower legs

through the fascial straps. It takes a considerable length of time to learn how to do this and,

of course, depends upon the amount of shoulder and chest involvement present.

It should also be mentioned that, in grading these patients, no attempt has been

made to compare them to normal individuals. We cannot grade the results of this opera-

tion in terms of normalcy. For the most part, the activities mentioned are not activities

in which the unafflicted individual must engage. The actions of a patient who has noticed

a striking improvement, due to fascial transplantation, cannot be compared to those of a

normal individual in performing the same functions, because the latter does not possess

paralyzed extremities. When the nerve supply to the abdominal muscles is no longer in-

tact, nothing will replace normal muscle action, but the fascial transplants do suspend

the pelvis anteriorly and laterally in such a Avay as to assist these patients in making a

physical adjustment to life. Furthermore, this method of grading allows ample room for

further improvement in these individuals.

It might be considered by some orthopaedic sui-geons that inadequate time has elapsed

for the use of this procedure in some of these patients,—as those who have had the disease

for less than two years. In fact, many authors who have written on the reconstructive

stage of infantile paralysis have stated that in the first two years, surgery plays little or no

role. We do not feel that this is true, especially in cases of abdominal transplantation. Three

of our patients (Cases 1, 2, and 3) had had residual paralysis for two years or longer. No

improvement had been noted in the strength of the paralyzed abdominal wall for twelve

months or more. We now feel, in retrospect, that progress in these cases was hindered by

waiting the additional year or more before surgery was suggested. If it is determined by

the surgeon in charge and the physical therapist that the patient has shown no improve-

ment in the strength of the abdominal muscles for a period of three months, it is our belief

that this type of reconstructive surgery is indicated. There are many reasons for this belief.

If the surgery enables the patient to engage more actively in those functions tvhich aie

pertinent to his rehabilitation, it allows the patient to develop the muscles which were not

involved per se in the initial onset of his disease. The atrophy of these muscles is secondai}

to the bed rest or inactivity, which is brought about by his inability to use his

abdominal wall or the muscles which elevate the hip in walking and other activities, ev

eral of our patients, for e.xample, were unable to walk vdth crutches, because of weakness m

the arms bilaterally, and also because of failure of the abdominal muscles to connect m

trunk with the pelvis. These patients have noticed that since their pelvic suspensio
^

surgery they are able to use the walker, and that their arms are definitely ge i k

stronger. This finding is substantiated by our muscle examinations.

think that, if abdominal transplantation is done early enough that is, during t

six to eighteen months—the suspension of noi’mal, good, or fair upper recti and inteiim^^^^

external obhque muscles to the pelvis 'ttdll give them a firm attachment upon \\ ic

may' act and become stronger. DeLorme has clearly demonstrated the impoitance^^^^^^^

sistance in the development of muscle strength. Due to the support of these fascia

there has been some return in strength of the paralyzed muscles. This, althoug

has been observed by the physical therapist on the muscle-grading chait in

cases herein presented. In these latter cases, we feel that the support of the fascia s

holding in the paraly'zed muscles and preventing overstretching helps them to

the strength they possibly can. A flaccid abdominal wall simply overstretches t e

muscles, and makes them lose all the strength they' might have gained, had one ai

rtjsrv
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LOCATION OF FRACTURE

The authors were prepared to find a preponderance of these lesions on the left siile.

This was revealed, the frequencj'- being 2 to 1. Of the ninety-five fractures which were
nailed, seventj'-eight were pertrochanteric

;
and as a rule the}'- were comminuted. Five were

subtrochanteric, really involving only the upper femoral shaft. Three were paratroehan-

teric. involving the base of the neck, and usually were not comminuted. Of the combined
fractures, four involved the base of the neck and the trochanter; three involved tl

"

trochanter and the shaft; and two were those fractures usualty so difficult to treat,— tl

combined transcervical and trochanteric fracture.

TABLE I

Grouping of Patients in Relation to Form of Treatjient

Age Method of Treatment

Decade Years Traction Jewett Nail

Fifth 41 to 50 0 3

Sixth 51 to 60 3 6

Seventh 61 to 70 5 16

Eighth 71 to 80 8 43

Ninth 81 to 90 20 21

Tenth 91 to 100 2 5

Eleventh 101 to no 0 1

Totals 38 95

ASSOCIATED DISEASES OR PATHOLOGICAL CONDITIONS

These elderly people represented a veritable museum of pathological changes, ante

dating their trauma. The most serious and most common associated lesions were cardiac

diabetic, and senile mental changes. A number of the patients had not walked prior to the

fracture, and of course they never walked thereafter. Comfort and simplicity of treatment

plus extension of the expected longevity were all that could be provided. Renal lesions,

severe crippling arthritis, syphilis, carcinoma, hemiplegia, and the many afflictions of the

aged were seen. Rarely was a “good operative risk”, in the general surgical sense, en-

countered. Despite this, they withstood operative trauma, when the procedure was iapi<

and attended with careful supportive treatment and anaesthesia, as will be seen.

TYPE OF INJURY PRODUCING THE FRACTURE

The causative injury was often trivial,—a simple fall, tripping over a rug, arising h oni

a chair, or some slight misstep. Some individuals were injured by direct violence. - •

we believe, fractured the bone by a twist, dissolution of continuity occurring be oie

patient fell to the ground. This mechanism is similar to that causing an intiacapsu

lesion. The main factor contributing to the injury lies in the elderly person s inheieii

stability while erect, and in his slow reflex proprioceptive response.

REASONS FOR ATTEMPTING INTERNAL FIXATION

At St. Luke’s Hospital, until 1942, the standard treatment for trochanteric

as has been stated, was usually traction. Although this was thought to be
in

factory, a re^’iew of the records of these patients has shown a great many comp

the course of their treatment, which were unappreciated at the time. In spite o

bone and joi.vt
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the arbitrary two-year convalescent period had elapsed before considering surgery. It is

true that a simple abdominal support will hold in the paralyzed muscles, but this is only

temporary, and the patient has no support when he rests. An adecpiate support is one that

is present at all times in all positions. Wo consider this fascia as an internal support for

weakened muscles.

It is an error to consider this procedure only if all other efforts fail. It has been noted

in this Hospital that, after the first few patients had been operated upon, other patients

became aware of the postoperative improvement. Subsequently, some have asked if they

too might be candidates for a similar procedure.
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nursing care, pressure sores over the siicmm and buttocks were the rule rather than the

exception. Cystitis and bladder complications were frequent. Knees, made stiff from pro-

longed traction, were difficult to restore to normal. Many patients were left with some

residual contracture of the hip or knee. Permanent vascular changes, peroneal-nerve

palsies, muscle atrophy, psychoses, prolonged general inanition and debility, and a high

mortality were disclosed. In follow-up examinations in the Out-Patient Department, many

patients showed a crippling external rotation of the hip, in spite of roentgenographic

evidence of apparent reduction of the fracture. Although the patients with badly displaced

and comminuted fractures had the worst results, in many of the “simple” cases the out-

come was poor. For these reasons, an attempt was made early in 1940 to hold the fracture

in good position by some form of internal fixation.

TYPES OF INTERNAL FIXATION

It was found that undisplaced fractures,

or those with minimum displacement without

extensive comminution, could be held in place

successfully with the Smith-Petersen nail (Fig.

1-A). The limb did not have to remain in trac-

tion for the long period of time which was

necessary without nailing. Straight-nail fixa-

tion, however, was applicable to only a few of

these undisplaced fractures, and it was apt to

fail even there. It was not applicable to the

majority of fractures, which were comminuted
or displaced. This use of the simple straight

nail for trochanteric fractures has been

discarded.

Next, threaded pins were used (Fig. 1-B).

They, too, were discarded as lacking stability,

as unsatisfactory for comminuted fractures,

and as unnecessarily complicating the opera-

tive procedure.

An attempt was then made to fix the frag-

ments of the comminuted type of fracture in

place with several Vitallium screws (Fig. 1-C)

.

This procedure was complicated, needed ex-

tensive exposure, and was not successful in

preventing coxa vara unless traction was also

maintained.

Early in 1942, the Thornton type of com-
bined plate and nail ivas used (Fig. 1-D). With this appliance, too, although the undis-
placed fracture could be held adequately and maintained in proper position, the displaced
or comminuted fracture bent into the coxa vara position during subsequent months. This
was due to inherent instability at the juncture of the nail and the plate.

The answer to these objections seems to have been found in the angled one-piece nail
and plate, described by Jewett in 1941. As the use of this appliance increased, certain
situations arose wffiich demanded changes in its structure. The main changes have been as
follows; The vertical flange on the deep surface, at the juncture of the plate and the nail,
las been removed. This flange caused increased comminution of the trochanteric structure
of the femur in several instances as the nail was driven home; and, on several other oc-
casions, increased comminution ivas due to attempts at cutting a trough for its reception

passageway for the Kirschner ware, used as a guide, was eliminated. This weakened tho

To handle satisfactorily the various situations
encountered, sLx types of nails are needed. There
should be three angles for each nail, and a long
and short nail in each angle.

'OL. 29. NO. 4. OCTOBER 1947



TRANSPOSITION OF THE ANTERIOR TIBIAE TENDON IN THE
TREAT^IENT OF RECURRENT CONGENITAL CLUB-FOOT *

BY GEORGE J. GARCEAU, M.D., AND K. R. MANNING, M.D., INDIANAPOLIS, INDIANA

From the James Whitcomb Riley Hospital for Children, Indiana University

School of Medicine, Indianapolis

The incidence of recurrence of the deformity in congenital club-foot is no doubt

inverseljf proportional to the thoroughness of early conservative treatment. Statistics in

the literature deahng with this recurrence vary greatly. Brockman reported that 50.0 per

cent, of patients vith this deformity required no further treatment after adequate con-

servative management. Kite stated that 90 per cent, of all club feet could be corrected by

wedge casts. Blumenfeld, Kaplan, and Hicks recently reported good results in almost SO

per cent, of their patients who had been treated conservatively.

Of 1,275 patients vith club-foot, treated in the James Whitcomb Riley Hospital since

1930, eighty-six (6.7 per cent.) have undergone transposition of the anterior tibial tendon.

It would appear from our study that recurrence of the deformity, after apparently com-

plete correction, is due to dysfunction of, or incoordination between, the anterior tibial

and the posterior tibial muscles, as invertors, and the peroneal muscles as evertors of the

foot. In 1894, Sir Robert Jones stated that congenital taUpes (equinovarus) is not cured

until the patient can voluntarily place the foot in the position of valgus. Therefore, upon

examination of recurrent club-foot, we examine the muscle balance. If the peroneal mus-

cles are weak and supination occurs on dorsiflexion (extension) of the foot, we believe

that transposition of the anterior tibial tendon is indicated. In 1923, Naughton Dunn men-

tioned transplantation of the anterior tibial tendon, but did not report on the subject.

The operation to transpose the anterior tibial tendon to the lateral aspect of the foot for

recurrence of club-foot deformity was first performed by one of us (G.J.G.) in 1933. In

1940. we reported the end results in forty-four patients and fifty-six feet. Since then we

have continued to perform the operation whenever indicated. This study is based on the

end results in eighty-six patients and 110 feet, and it includes a re-evaluation of the

previously reported cases. This operation was chosen, rather than arthrodesis, transtaisal

wedge osteotomj'-, or other bone-cutting operations.

The average age at the time of operation was six and on'e-half years. The average

duration of active preoperative treatment was 4.8 years. The youngest patient was two

and one-half years of age, and the oldest, seventeen years, at the time of operation.

One hundred and thirteen operations had been performed previously on the 110 ee
,

including lengthening of the Achilles tendon (64), fasciotomy (23), Ober’s tendon tians-

plantation (2), Brockman’s operation (3), triple arthrodesis (5), transtarsal wedge osteo^

omy (2), decancellation of the calcaneus (6), and capsulotomy (8). Forceful

had preHousl}' been done on many feet. In each instance, the deformity had recuiie "

or more times.

This operation is not recommended for correction, but rather for prevention o

currence of the deformit3^; however, it does have a corrective influence. In two ee ,

anterior tibial tendon was returned to its original insertion to prevent planova giis

formit}'. It should also have been done in a third case. Many feet continued to impi"

for a number of 3mars.
'

•
1 Vs much

Preoperative preparation of the foot by the wedge-cast method is ad\ ise . ^
'

correction as possible should be obtained.
, Q^-imal

The operation itself consists of transposing the anterior tibial tendon to t e pr

* Presented at the Annual Meeting of The American Academy of Orthopaedic Surgeo ,

Illinois, Januarj' 2S, 1947.
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TABLE I

Effect on the Various Co.mfonents of the Deforaiity

Equiiuis Inversion Adduction

(Per cent.) {Per ccnl.) {Per cent.)

Excellent 04 03 04

Good 21 10 21

Fail- 9 14 9

Poor 6 7 0

TABLE II

Function of Tuansposed Anterioh Tibiae Tendon

Function

{Per cent.) Number of Feet

Excellent 49 54

Good 40 44

Fair 7 8

Poor 4 4

Total no

eud of the fifth metatarsal. If the tendon is too short, it is anchored into the cuboid bone.

A cast is ^yorn for at least six weeks after surgery. In most cases, wedge casts are applied

every two weeks for two or three months after operation. After discontinuation of the

casts, exercises are given to train the transposed anterior tibial tendon.

The effects of the operation on the various components of the deformity are shown
in Table I. It is apparent that each component is affected to about the same degree.

The function of the transposed anterior tibial tendon was excellent or good in ninety-

eight feet, or 89.1 per cent., of the series.

The end-result study indicates veiy satisfactory improvement in ninety-one, or 82.7
per cent., of the club feet in the series. In nineteen feet, or 17.3 per cent., the results were
not considered satisfactory, although some degree of improvement was noted in each case
(Table III). The average period of follow-up was five years. It was over seven years in

fifty-six cases.

Twenty-seven operations were performed subsequent to the tendon tran.spositions.

Fig. 1

thme de/ormity in all its components. B and C are photographs takenmree jeart, alter anterior tibial transposition, shon-inge-xcellent correction.
u = u
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TABLE III

En'd Results

Number of Feet Percentage

Excellent 67 61

Good 24 22

Fair 9 s

Poor 10 9

Total 110

One patient tore the tendon at its new insertion, but a good result followed repair. Two
tendons were re-anchored to their original insertions with excellent end results. Eight of

the ten feet classified as having poor results required bone-cutting operations. The poor

results were due to poor correction prior to tendon transposition, rigid feet caused b}'

prerious operations, and growth disturbances in the bones of the foot. Poor function of the

transposed tendon was a rare cause. In no instance was the operation detrimental.

Frequently, abnormalities rvere found in the tendons at operation. Separation of the

teirdon into two or three slips at the insertion was the most frequent finding. Adhesions

Fig, 2

R W
, ani" ! -.even Reeuiience of the deformity in all its components. B and C are photogiaphs taken

three year^ dter operation, showing excellent lesults. About 10 degrees of residual equinus

^
mil

J. W., aged two. Rigid recurrence of all components; deformity was never completely
,,'iirgcO

C are photographs taken one year after operation, showing a fair degree of correction. -

was performed.
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nail or made it more cumbersome. Use of such a wire merely complicated the operative

procedure, and in the authors’ hands it did not prove helpful. Reinforcement of the junc-

ture of the nail with the plate was secured by thickening of the plate at this point. Tlie

casting of nails with three angles (130 degrees, 140 degrees, and 150 degrees) allowed for

close coaptation of the plate to the femoral shaft, regardless of the angle of the neck at

the time of reduction and without the necessity of bending the apparatus (Fig. 2). The cast-

ing of a nail of each angle in a normal and in a short length obviated overdrive in severely

comminuted fractures. The removal of the streamlined head and its replacement by a

ledge behind the head of the nail, for application of a hook extractor, facilitated removal

when threads in the base of the nail -were stripped and a threaded puller could no longer

be used.

Such a nail can be used successfully in even the severely displaced and comminuted type

of paratrochanteric or intertrochanteric fracture. (Fig. 3-A). It has the added advantage of

being of great practical use in the difficult subtrochanteric type of fracture, high in the

femoral shaft (Fig. 3-B), and in that rare type in wffiich both the neck and the trochan-

teric region are involved (Figs. 3-C and 3-D). It is possible by open reduction to fit the

fractured fragments into satisfactory alignment, and to hold them there by internal fi.xa-

tion. Frequently even the lesser trochanter can be engaged, and the fragments can be held

in reduction by the upper screw. If nailing is done properly, with the nail well placed in

the head of the femur, coxa vara will not develop unless the nail breaks, bends, or pulls

out of the bone. The nail most frequently used has an angle of 130 degrees and is three

inches in length; it is made of non-electx’olytic material. The authors have not used the

blade-plates described b}'' Blount and Moore, although these undoubtedly are effective.

Fig. l-A .

Gradual telescoping of fracture site, without the development of coxa
tu'*-'

the nail into the head during healing. This is called “overdrive”, although the na . hy

been driven through the head at operation. Such telescoping at the fracture site gc .

the end of three months, with the development of union.
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to the tendon sheath were noted several times. Fusion of the anterior tibial tendon with

the extensor hallucis longus was noted once.

CONCLUSIONS

1. Recurrence of the deformity in club-foot is not infrequent.

2. The faulty mechanism of the muscles everting and inverting the foot may be the

cause.

3. Recurrence of the deformity may be prevented by transposition of the anterior

tibial tendon in selected cases.

4. This operation is not recommended for correction of the deformity.

5. The transposed anterior tibial tendon may be restored to the original insertion

when planovalgus or overcorrection is apparent.

6. Satisfactory results were obtained in ninety-one, or 83 per cent., of the 110 feet so

treated.

RBFEUKNCES

Ad.\ms, a. W.: Club-Foot and its Treatment. Med. Press, 193 : 348-352, 1936.

Blu.menfeld, Isidoro; Kaplan, Nathan; and Hicks, E. O.: The Conservative Treatment of Congenital

Talipes Equinovarus. J. Bone and Joint Surg., 28: 765-777, Oct. 1946.

Brockman, E. P. : Congenital Club-Foot (Talipes Equino-varus). New York, William Wood and Co., 1930.

Dunn, Naughton: The Treatment of Congenital Talipes Equino-Varus. British Med. J., 2: 1216-1218, 1923.

G.\rceau, G. j.: Anterior Tibial Tendon Transposition in Recurrent Congenital Club-Foot. J. Bone and

Joint Surg., 22: 932-936, Oct. 1940.

Jones, Sir Robert: Discussion on the Treatment of Intractable Talipes Equino-Varus. Trans. British

Orthop. Soc., 1: 20-30, 1894-1895.

Kite, J. H.: The Treatment of Congenital Club-Feet. Surg., Gynec., and Obstet., 61: 190-200, 1935.

Ober, F. R.; Tendon Transplantation in the Lower Extremity. New England J. Med., 209 : 52-59," 1933.

DISCUSSION -
•

Dr. J. Hiram'Kite, Atl,ujta, Georgia: The discussion of this paper can be divided into two sections,

tendon transplantation and club feet. • .

First, when should we transplant tendons? In times past, our only indication for transplanting tendons
was a gross muscle imbalance, as in poliomyelitis or some injury to the nerve which has completely paralyzed

one group of muscles.

There is no gross muscle imbalance in congenital club-foot; it is only an apparent imbalance. In the

original untreated club foot, the anterior tibial and posterior tibial tendons are seen to contract, because the

fore part of the foot is adducted and the heel is inverted. The tibial muscles are in a shortened position, and
the line of pull is such that they work at an advantage. Wlien the club-foot deformity is corrected by any
means, the muscles resume a normal balance. When the club-foot deformity recurs, there is again only an
apparent imbalance, due to the shortened muscles and line of pull. When the foot has been restored to a
normal position, the muscles will be in normal balance.

Dr. Garceau and Dr. Manning say, “If . . . supination occurs on dorsiflexion (extension) of the foot,

we believe transposition of the anterior tibial tendon is indicated”. Personally, I would not feel justified in

operating wdth so slight an indication.

Second, Dr. Garceau and Dr. Manning have had a very resistant group of recurrent club feet to treat,

because of the stiffness and rigidity following the early treatment. They say that 113 operations had been
done on 110 feet before the average age of six and one-half years, and that the feet were still not corrected.
They say, “Forceful wrenchmgs had previously been done on many feet. In each instance, the deformity
recurred two or more times”.

How long u-ill it take us to learn to stop treating club feet by “ forceful wrenchings ” and by the use of the
eight different cutting operations which were used on this group? I am almost persuaded that there is still

a need to continue the teaching of conservatism in the treatment of club feet.

The authors say, “This operation was chosen, rather than arthrodesis, transtarsal wedge osteotomy, or
other bone-cutting operations”.

They say that in addition to anterior tibial transplantation, most patients had wedged casts for two or
three months postoperatively, and that these two procedures gave very satisfactory results in 83 per cent, of
the series. I wonder why they are so reluctant to give the less spectacular eight to twelve weeks of casts and
wedgings some credit for their good results.

Twenty-seven of these 110 feet needed some additional operations after the tendon transplantation, and
they have still a long growth period ahead of them.
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Fig. 4-B

In certain instances, protrusion progressed after thiee months. No piotiusion has been noted in

this series after the seventh month, which indicates that solid union does not always occur in these

fractures before the seventh month.

ANAESTHESIA

The authors believe that the low immediate mortality rate is due in large measure

to the choice of anaesthesia and to the use of a blood transfusion at operation. Preoperative

morphine sulphate and hyoscine are given an hour before a minimum dose of avertin.

Complete anaesthesia is induced twenty minutes later with a mixture of cyclopropane,

nitrous oxide, and oxygen.

OPERATIVE AND BOENTGBNOGRAPHIC TECHNIQUE

Both a surgical team and a roentgenographic team who are.acquainted with the nail-

ing pi’ocedure must be employed for the smooth and rapid handling of such cases. Trochan-
teric fractui-es should be handled with gentleness and a minimum of manipulation. Simple
trochanteric fractures sometimes become comminuted on the operating table by vigorous

manipulation. Light traction, moderately forceful internal rotation, slight hip fle.xion, and
gentle abduction secure the best reduction. The uninvolved hip may be abducted fully

to fix the pelvis and to allow for lateral roentgenograms, as necessary. The foot of the
table maj'^ be dropped to facilitate this manoeuvre. Following standard sterilization and
draping, a lateral incision, through all structures to the upper third of the femur, should
be made with minimum laceration of muscle tissue. This is of great importance, as will be
seen from the two cases in this series in which gas gangrene developed. A skin clip may
be placed over the location of the femoral head, as a guide in driving the nail and as a
marker for subsequent roentgenograms. After films have been taken to show the reduction,
a Jewett nail u-ith the proper angle and of the proper length may be chosen.

The point of entrance of the nail below the trochanteric ridge will depend upon the
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Fig 1-E Fig 1-F

Present condition, si\ ycais later, shows slight icdisplacement, but sound bony fusion lateially;

the line has bioken.

individual mention. The patients have been treated by several surgeons in the Department,

which will account for the variations in the method used.

METHOD OF REDUCTION

Closed reduction was attempted by the author in three patients with complete para-

plegia, at a time wdien it was felt that the outlook in these cases w^as almost hopeless, and
that it was unfair to increase the burden of the patient and of the nursing staff by open

operation. The following method was employed:

The patient was laid prone on the operating table, with a pillow under his lower chest,

which was placed over the rest employed to hyperextend the spine in abdominal operations.

Local infiltration anaesthesia was used. With a moderate degree of traction on the arms
and legs, the spine was flexed by the elevation of the rest; at the same time, pressure was
exerted over the spine, below the dislocation. Reduction was accompanied in each case by
the usual satisfactory sensation which one associates wdth the reduction of any dislocation,
and the spinous processes were felt to assume their normal relationships.

One must admit, on theoretical grounds at least, that open reduction of the interlock-
ing articular facets, under the careful control of one’s eye, is the method of choice. It is a
relative^ simple procedure, which should be done under local infiltration anaesthesia. The
muscles can always be stripped off the damaged vertebrae with the greatest of ease, having
been separated by the trauma and subsequent hemorrhage. The operation should be
Pieceded by very careful roentgenography to ascertain the exact extent of the damage,
Paiticularly that to the posterior structures. The interlocking articular processes are
leadily identified, the cartilage of the low^er facets gleaming white when the wound is

scabbed. If the dislocation is in the lower thoracic region, the processes tend to be
peiched upon one another, tip to tip. Little forward displacement occurs at this site,
ecause the spinous process of the upper vertebra is very oblique, and, if unfractured,

I'lll not permit displacement. It is not unusual to find the articular facets alread}^ un-
ocked and commencing to mate, requiring only extension of the spine to complete the
piocess. In the lumbar region, however, true interlocking occurs. It has been recommended

29, ^0 1 . .T l-V’TTAnx- 1 i -
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that partial removal of the upper facets of the lower vertebra be performed, on one or both
sides, to facilitate reduction without undue manipulation or roughness. The writer only
rarely found this necessary. Gentle flexion of the spine to unlock the facets, with backward
traction on the spinous process of the upper vertebra, has been enough to secure unlocking;
and accurate reposition is then effected by hyperextension. On one occasion the spinous
processes of the two affected vertebrae were wired together to prevent redisplacement.
This was in a patient with no paraplegia. The wire has not affected the functional recovery,

which is complete. The man served in the Army overseas throughout the War, and was
classified as A.l on entry, within eight months of his accident (Figs. 1-A to 1-F, inclusive).

On both the open and closed operations, reduction is maintained by the application

of a plaster cast. It there is no fracture of the posterior structures, a complete jacket is

applied. If there is any doubt about the integrity of the posterior column, a plaster boat

is felt to be safer, following reduction.

SITE OF LESION

Has the degi-ee of cord injury any relationship to the site of the lesion, or to the

degree of trauma to the spine? It will be seen from Table I that the junction of the fixed

and movable parts—that is, the thoracolumbar region—is the most important site of

injmy. Of the major group of thirty-six cases in which the fracture-dislocation oc-

curred near the thoracolumbar junction, twenty-five patients had complete paraplegia;

three had partial paraplegia; and eight had no paraplegia. Of the small group of five

cases in which the lesion occurred at or below the level of the second and third lumbar

vertebrae, however, two with

very gross displacement were

complicated by complete para-

plegia
;
one, with interlocking, by

partial paraplegia; and two pa-

tients, one of whom showed the

grossest displacement between

the fourth and fifth lumbar

vertebrae, had no paraplegia

(Fig. 2).

This relatively low incidence

of nerve damage in the group

whose lower spine was involved

must be due to (a) the large size

of the neural canal and (b) the

greater strength of the cauda

equina as compared with the

spinal medulla. Gross displace-

ment at the thoracolumbar junc-

tion, however, must indicate se-

vere cord injury, although the

converse—that is, slight dis-

placement with simple inter-

locking—is no indication what-

ever of the degree of cord dam-

age.

The case labeled “None, be-

coming complete” (Table II) is

Ca=e 2 L S This is a case of fracture-dislocation between especial importance. This case

the fourth and fifth lunibar ^^ertebrae, with gross displacement.
diagnosed upon admission to

There was no paraplegia.
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nail chosen, and is usually nearer the ridge than in intracapsular fractures (an average of

three-quarters of an inch). The femur should be drilled at this point, with a hole sufficieiitlv

large to prevent shattering of the cortex when the nail is driven in. In most cases, the

trochanter must be lifted forward, as the nail is driven horizontallj’- inward and upward.

Fixation of the plate with two screws wdll then allow trial rotation of the hip. If grating

occurs, faulty position of the nail or overdrive is present. In this event, roentgenograms

are taken, and the position or length of the nail is corrected, as necessary. If rotation is

free in extension and flexion, the remaining screws are placed; roentgenograms are taken;

and the wound is closed during their development. Should changes in the nail position

be necessary, a few seconds only are required for re-exposure. Much time will usually

have been saved.

With many of these hips to nail, the authors have been concerned over the amount of

roentgen raj’^s to which the doctors, residents, and nurses are exposed while check-up films

are being taken. After experimentation with various types of cones and lead-lined tunnels,

two simple methods of protection have been employed. A small lead diaphragm, devised

by the Roentgenographic Department, is placed in the tube aperture. The small central

hole of the lead diaphragm is fashioned so as to prevent the spread of rays heyond the

area of an eight by ten film. When the anteroposterior view is taken, the patient is lying

on a tunnel, which allows rapid change of the cassette without moving the patient. There

is no danger of the hands of the personnel being exposed to roentgen raj’-s during this

episode. Frequently, when the lateral film is taken, however, someone must hold the

cassette, so that it is pushed strongly into the side of the patient, just below the ribs and

above the crest of the ilium. Wound retractors can be used as hooks over the edge of the

sterile-draped cassette, superiorly and laterally. It is held firmly in place against the

patient, and the hand is screened by the cassette. The lead lining, in the hack of every

cassette, prevents the rays from going through. By actual Victoreen test, the hand behind

the cassette receives no measurable roentgen rays. For such a view, the roentgen tube is

placed at the inner side of the knee of the normal lower extremity, Avhich has been ab-

ducted. Usually a lateral postoperative view can be taken with the hip in flexion, whicli

avoids the difficulty of holding the film. With a trained surgical and roentgenographic team,

the average operating time may be held to thirty minutes or less.

POSTOPERATIVE CARE

After operation, the patients are placed in light traction to prevent external rotation.

This temporary traction during the eaiij'’ postoperative period provides a consideiabk

amount of comfort. It is usuall}'' ten days before a toe-to-groin Thomas brace with pelvic

band and knee lock can be delivered. Such a bi’ace is used until union is solid, to picveiit

external rotation. Some of the patients have been allowed up in a chair within a few a}3

after the operation. However, early weight-bearing, even wdth the brace, is haim u
•

^

maj'- cause the nail to break, bend, or even protrude through the femoral head. In the pos

operative roentgenograms, it has been noticed that the nail protrudes farthei into ^ic

pro.ximal head fragment, chiefly during the first three months, before union has

(Fig. 4-A). In some few cases, further protrusion has been noted after the

(Fig. 4-B). No protrusion has been noted after the seventh month. It is probable

active weight-bearing can encourage this protrusion. In the majorit}'- of the

absorption of bone at the fracture site took place, with gradual approach of the

towards the articular margin. Early movement of the patient, without actiia o

bearing, is beneficial. The authors do not feel the need for early complete mobi iza

these patients, advocated b}'- others. Postoperative pneumonia is not so gica^}^^^^^^

since the advent of penicillin. Pulmonary embolus is still feared, although on >

have been noted in this series.
^

pj^^oplc-

Close observation and general care pay’- high dividends in results in the.':? a,.!
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intra:medullary onlay grafts for defects resulting
FROAI SHATTERING FRACTURES *

BY LIEUTENANT COLONEL PRANK G. MURPHY

Medical Corps, Army of the United States

Intramedullary bone grafts have been used on occasions since bone-grafting operations

first were performed. Current surgical treatises do not recommend their use, nor are they

generally advocated by orthopaedic surgeons. Watson-Jones stated that intramedullary

grafting is far less satisfactory than inlay or onlay grafting, and Armstrong has written

that “the introduction of a hard cortical plug into the medullary cavity seriously dimin-

ishes the blood supply to the bone-ends, and often produces non-union.” Boyd reported

several cases in which he used an intramedullary fibular graft in cancellous bone with

success. Kiintscher, in 1940, and more recently Soeur, described the intramedullary

fixation of fractures Avith metal rods. They stated that the normal physiological osteo-

genesis was not disturbed materially.

Because of the extensive destruction which occurs in long bones as a result of the high-

velocity projectiles used in modern warfare, unusual surgical complications have been en-

countered. A considerable number of these bone injuries included gap defects; these were

complete in some, while in others partial bridging by a thin strip of bone, connecting the

main fragments, resulted. Metal fragments remained in many patients after early healing.

In a considerable number of cases, massive onlay grafts ivere not applicable or even

feasible, because of comminution and loss of much cortical-bone substance. Here it avus

found possible to force a graft along the medullary canal, Avell into the cancellous bone of

the end, AA^here it Avas held fast. The protruding portion of the graft could then be ap-

proximated to the shaft of the other fragment, Avhere it could be fastened securely with

screAA's. In the first few cases this procedure Aims carried out more as an expedient than by

design. It Avas not very difficult to perform, and it fulfilled the requirements for the proper

.
implantation and application of a bone graft.

The indications for combined intramedullaiy and onlay grafts are (1) ununited frac-

ures near the joints; (2) gap defects in the shafts of the long bones; (3) non-union in AA'hich

the resultant atrophic cortices are of insufficient hardness to anchor retaining screws; and

(4) partial gaps which are bridged by a thin fragment of cortex.

The immediate objectives Avhich are planned are as folloAA'^s: (1) bridging of the fiac-

ture defect; (2) maximum coaptation of the graft to the fragments; (3) moderate stabilit}

AAuthout the use of additional foreign material; and (4) the avoidance of the hazaid o

fracture of the graft bj^ placement of screAvs distant from the fracture site.

PRELIMINARY TREATjAIENT

All infected tissue, sequestra, accessible metal, and other foreign material are remoAcd.

All manifestations of infection should have subsided, and the sinuses should

mained closed, for a period of at least six AA^eeks prior to operation. Long months
^

are no longer necessaiy before a definitive surgical procedure is begun. Spht-tbickness

grafts may be used to hurry the closui'e of a large clean Avound. After the AA-ounc s

healed, soft-tissue defects are properly repaired by appropriate plastic proceduies.

OPER.A.TIVE TECHNIQUE

The exposure should be thorough, preferably by incisions through health}

rather than through scar tissue. The fracture fragments should be e.xposed a

* Originally prepared for the monthly Staff Meeting of Battey General Hospital, Rome, Georgi ,

her 4, 1945. Presented before the Chicago Orthopaedic Society, April 12, 1946.
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Fcedms the patients is a difficult problem, and in itscdf requires special nursing care. A
high-protein intake should be insisted upon. Fluids are supplied by infusion, if necessary,

during convalescence. Yilamin-B therapy is almost routine. Close attention is paid to the

skin at the point of traction, and the back is inspected daily. Incontinence is treated im-

mediately by indwelling catheters; frequent changes of bed linen are essential. Prompt

cessation of sedation is demanded. Phe importance of cardiac investigation, consultation,

and medication, when necessary, should always be borne in mind. We should remain con-

tinuously aware of the fact that those patients are old, afflicted with many debilitating

factor.s aside from their fractures, and have been injured badly.

COMPLICATIONS

1. Infections

Four cases of infection occurred in the patients who had been operated upon. In two

patients, an infected hematoma developed. One of these was evacuated spontaneously,

and healed promptly. The other was still draining, but without general reaction, when
the patient died of inanition on the thirty-fifth day after operation. Gas gangrene, resulting

in death, developed in two men. Autopsies were performed on both. Both had two or more
lines of incision through the deep muscle tissues lateral to the upper third of the femur,

which destroyed the blood supply to a sizable portion of muscle tissue. One of these

patients was 103 years of age. It is the authors’ feeling that, in these aged patients, with
vitality of muscle tissue at a minimum, further destruction of the blood supply by an in-

cision (especially if accompanied by laceration of the deep tissues) may promote much

Fig. 5-‘A
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Patient was injured March 8, 1945; operation on humerus was performed November 10, 1945.

Roentgenograms, taken on April 10, 1946, show angulation. Function is good.
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Fig. 5 I'ig- 6

Fig. 5: Patient was injured December 23, 1944; operation on femur was performed November 2, 1945.

These roentgenograms were taken March 15, 1946. The patient is walking with a caliper brace.

Fig. 6: Injui’y was received July 2, 1944; the femur was operated upon July 24, 1945. Anteroposterior

roentgenogram was taken on February 27, 1946. The patient is walking with a caliper brace.

TABLE I

Cases in Which Operation Was Performed

Location of

Injury

No. of

Cases

Location of

Injury '
,

No. of

Cases

Femur 8 Clavicle 3

Tibia 5 Humerus 8

Fibula 3 Radius 9

Metacarpal 5 Ulna 11

subperiosteally, above and below the defect. Interposed scar tissue should be removed
completely with a sharp periosteum elevator or a gouge; it can best be removed ^n masse.

The sclerosed ends of the fragments are perforated into the medullary cavity, and the

end which is to receive the bone graft is opened well and enlarged, if necessary. The
main fragments are aligned, and a careful examination is made to determine the most
suitable site of application, and the size and shape of the proposed graft. Obstructing
bone projections are excised, and other necessary trimming is carried out. A suitable graft
is removed from the tibia. A long graft which extends 7.5 centimeters beyond the fracture
site is advisable, because it gives better early stability and can be fastened with screws,
well away from the fracture site. The graft is fashioned at one end so as to fit snugly into
the intramedullary space previously prepared in one fragment; and it is then rotated, so
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more necrosis, than would occur in patients in a younger age group. As was found in severe

battle wounds (to which these wounds are comparable), such conditions are extreiuclv

favorable to the development of gas-producing anaerobes.

2. Pulmonary Embolus

One would expect a considerable incidence of pulmonary embolus in such a series

after operation, but only two instances of this condition were found. Both of these patients

died; on one patient, an autopsy was performed. The embolus causing this fatality arose

from the deep veins of the uninjured leg, there being no sign of thrombosis of the veins

on the injured side. The patient’s treatment had been entirely neglected for ten daj'^s prior

to her entry to the Hospital. Apparent^ thrombosis had occurred, unsuspected by us.

Manipulation, incident to operative reduction, cannot be disregarded as a factor in the

fatal termination of this case. We believe that the fatal embolism in the second case on

the thirteenth postoperative day is not an operative mortality. There was no clear-cut

instance of embolism among the patients who died, following treatment by traction.

3. Pneumonia

Postoperative pneumonia occurred in two patients (2.1 per cent.), and was treated

successfully vuthout fatality.

Overdrive

The most common complication in this series has been that resulting from driving tlie

nail too close to the dome of the femoral head (Fig. 4-A). The nail need not have been

driven through the head at the time of operation to have made this complication possible.

The authors had not realized that there would be much absorption at the fracture site

in the healing of these fractures. These patients left the Hospital at a much earlier date

than those treated by traction, and at the time of their discharge check-up roentgenograms

showed a well-driven nail, close to the cortex of the femoral head, which we judged to be

an excellent supporting structure. It was only when th.e patients were called back for

follow-up that it was discovered in their roentgenograms that bone had been absorbed at

the site of fracture, with telescoping. This caused the nail to protrude into the acetabulum,

since its base was affixed firmly to the shaft of the femur through the attached plate

(Fig. 4-B). Strangety enough, not many of the patients had complained of a grating seiif-a-

tion on movement of the joint, nor had they complained of much pain. The roentgeno-

gram disclosed this situation, rather than the statement of the patient. In certain other

patients, several attempts were necessary at operation to place the nail satisfactoiil}’’ m

the femoral neck. In a few of these, after several attempts, the operation had to be ter

minated before the nail had been placed satisfactorily, because of the poor condition o

the patient. Although the position of the nail was not perfect, it was felt that it did no

e.xtend beyond the cortex of the femoral head, and that healing would be unevent u •

During subsequent months, these nails continued to protrude through the head into t le

acetabulum. Their removal has been simple and without operative complication.

matic arthritis, where such nails have cut notches in the acetabular roof, has not
^

these patients severely anno,^dng s3'’mptoms. Overdrive is most apt to occur in the scv ere

^

comminuted intertrochanteric fracture and the trochanteric fracture which is moie

through the base of the neck. It has been noted, however, that, although the

often becomes absorbed and the neck telescopes down on the nail, the angle of t le

and neck fragments relative to the shaft remains the same, and does not bend

vara position. In all, nine nails have been removed for various reasons. In foui

removal of the nail-plate was considered to be justified (Figs. 5-A, 5-B, 5-C,
jjje

The first situation, and one which occurred most frequentljq has been

nail; second, disruption of the nail from its contact with the head or the shaft o t le

THE JOURNAL OF BONE AND JOI-Sr
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that its flat surface rests with maximum coaptation on the cortex of the other fragment.

In some cases it may be necessary to prepare a partial groove for the onlay portion, as in

the classical inlay procedure. The graft is tapped firmly and snugly into the intramedullary

space of one fragment
;
its flat surface is clamped to the other fragment, where it is fixed

firmly with stainless-steel screws. These screws are placed quite far distant from the frac-

ture site, and are passed through both cortices of the underlying fragment. If the intra-

medullary portion of the graft is placed in loose cancellous bone—^as, for instance, in the

proximal end of the humerus—a transfixion screw may be necessary to prevent move-

ment. Finally, bone chips from the upper end of the tibia or from the ilium are packed

around the graft and into the defect, so as to fill vacant spaces. Early stability is accom-

plished, so that the danger of displacement during closure and the application of the cast is

obviated. Soft tissues are closed in the usual manner, care being taken in the placement of

sutures not to produce undue tension. A

Fig 7 ’ Fig. S

Fig. 7: This patient, injuied .January 7, 194.7, was opeiatod upon July 30, 1945. Roentgenogiams

were taken April 1, 1946 The patient is walking with a biaco.
r>i- t? i

Fig. 8: Injury was leceived November 11, 1914; patient was operated upon June 1, 1940. Koeiu-

genograms of the leg weie taken Maich 23, 1946. The function is excellent.

POSTOPERATIVE CARE

After operation, the principal problem is prevention of swelling, and it is of patamount

importance to elevate the extremity. Immobilization is continued in a snug plaster cast oi

several months. A change of cast is essential whenever there is loosening, which occurs as

result of muscle atrophy.
'

An estimate of the period of maximum weakness of the graft is between three an si-\

months after its insertion. A study of the roentgenograms suggests that the conva esce

period necessary for the bone graft to become strong enough to safely assume
.

much longer than was estimated heretofore. This period varies greatly in different in ivi

als, and also according to the location of the fracture and the placement of the gm

The method has the following advantages:

THE JOURNAL OF BONE AND JOINT SUR
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Fig. 6'A

Roentgenogiam of autopsy specimen, w ith nail in place, shows inteinal structuie of bone Most
favorable site for the point of the nail to be imbedded is the lower portion of the neck and head.

Nail shown was placed too high in the neck, but despite this, it had held and union naspiogressmg.

Fig. 6-B
Example of perfect nailing, w itli nail placed low m head and centered m lateral view. Fracture of

lesser trochanter was disrejiarded no clinical objective or subjective symptoms pi esent related to it.
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1. Maximum coaptaliou of Uio gnifl to the fragment is ucliieved readily.

2. A minimum of foreign material is necessary.

3. The graft is applicable in locations in which massive onlay grafts would be cumber-

some and not feasible.

4. There is no sequestration ot the graft.

The operation was performed in a series of fifty-two cases at Battey General Hospital

(Table I). Early complications were encountered in ten cases:

1. In three cases, fracture of the graft occurred, because of too early removal of the

immobilization.

2. Rarefaction around the screws was encountered in two cases. This was thought to

be due to electrolytic action, since metal fragments were present in the soft tissues.

3. In one case, the graft projected into the joint at operation, when it was inadvert-

ently driven through the lower end of the radius. Later this portion (one centimeter) was

removed. No joint injury resulted.

4. A sinus formed through a scar in two cases, with postoperative infection. The

infection was mild and did not interfere materially with the bone and callus formation.

5 . Angulation in cancellous bone was present in one case.

6. Fracture of the donor site in the tibia occurred in one case.

L.\.TE REPORTS ON THE C.VSES OP INTRAMEDULL.VRY ONL.Vi GR-V.PPS

Follow-up reports with roentgenograms were obtained on forty-two of the fifty-two

patients. The sources of information were orthopaedic surgeons at Army General Hospitals

and Veterans Hospitals, orthopaedic surgeons who were treating discharged veterans,

roentgenographic laboratories, and individual patients. A resume of the findings is as follows

:

Reports were received on all three cases

occurred in all.

Of the eight humerus cases, good heal-

ing took place in four. One bone healed with

angulation, but with good function. Three
were unsuccessful because of (1) absorption

of the graft; (2) failure of "take”; and (3)

fracture followed by absorption of the graft.

In one case, which previously had been re-

ported as unsuccessful because of fracture of

the graft, the graft finally united after a long
period of immobilization.

Reports were received on seven of the
nine radius cases. In five, the grafts had been
successful; two were failures. Of the two fail-

ures, one bone was ununited after five months,
and absorption of the graft after five months
was reported in the other.

Of the eleven ulna cases, reports were re-

ceived on seven. Si.x grafts were successful;
one had non-union eight months after opera-
tion.

Of the five cases of metacarpal grafting,
healing took place in four. One graft was
fractured by too early manipulation of the
finger, followed b3

'^ absorption of the graft.

Reports were received on six of the eight
femur cases. Four grafts were successful; two

VOL. 29, NO. 4, OCTOBER 1947

of grafting of the clavicle. Good healing

Fig. 9

This patient was injured in the hand January
27, 1945, and was operated upon June IS, 1945.
Roentgenogram, taken March 15, 1946, shows
absorption of graft, applied to the metacarpal.
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third, the necessity for replacement of a bent or broken nail; and fourth, continuous dis-

comfort over the plate distal to the trochanteric region. Nail protrusion occurred chicflv

among the earlier patients, before the authors were aware of the possibility of this situa-

tion. It has rarely happened in the later cases, since the proper length and angle of the nail

have been insisted upon.

•5. Xail Breakage, Bending, or Disruption

In three instances, the nail became fractured from early weight-bearing (Fig. 5-D).

In two of these, the broken nail was immediately replaced by a new one, with ultimate

firm union. The third instance occurred when a patient walked without support the

second da}^ after operation. Wide separation of the fragments resulted. Traction was

employed, and union, although delayed, eventually took place with marked external

rotation of the lower extl•emit3^ In one instance the nail bent through the three-flanged

portion. This nail was extracted, and the patient was put in traction; satisfactory union

resulted, but with some coxa vara. In four other instances the nail tore out of the bone

in which it had been inserted (Fig. 5-B). In two of these, the nail ripped out of the side

of a decalcified femoral neck and head. In one a new nail was placed, but protrusion

graduallj’' took place as union occurred, and the nail will have to be removed. In the other

instance, a severeN deformed arthritic old lady, union occurred without pain but with con-

siderable deformity. This patient had not been ambulatoiy before operation; and, since

she is without pain, iro attempt has been made to remove the nail-plate. In two instances

the screws pulled out of the femoral shaft (Fig. 5-C). In the first, the nail was replaced,

and the patient obtained an excellent result. The second patient had the nail removed,

and a subtrochanteric femoral osteotomy was performed to correct the external-rotation

deformit.v which occurred; good weight-bearing and ambulation were obtained, although

with marked restriction of hip motion.

Roentgenograms of autopsy specimens from patients whose fractures had been re-

duced and repaired bj’’ nail fixation, confirmed by anatomical studies, show that the nail

should be implanted in the inferior portion of the femoral head and neck, and that thcic

it will be imbedded in the densest portion of the calcar femorale (Fig. 6-A). The anteio-

posterior roentgenogram should show the nail implanted in the lower portion of the head,

and in the lateral view it should be centered (Fig. 6-B). It should not approach closei than

one centimeter to the articular surface of the head, for fear of gradual protrusion. Scieiin

fastening the plate to the femoral shaft should perforate and grasp both the proximal an(

the distal cortices. AVhere convenient, the lesser trochanter may be engaged by one ot t 'a

screws, although failure to so secure it does not vitiate a good functional result (Fig. 3-.

6. Subtrochanteric Fracture

Production of a subtrochanteric fracture at operation, during an attempt to

intertrochanteric fracture, has occurred on five occasions (Figs. 5-B and 5-C). It has no

been a veiy annojdng complication, since the nail supports both fractures satistac oi

No untoward results have been seen from this operative accident.

7. Non-Union and Aseptic Necrosis

No instance of non-union of a trochanteric fracture has occurred among

xfivors. There have been two cases of delayed union. The first occurred in a paticn

screws pulled out of the femoral shaft. The second patient walked on the eight

operation, against ad^^ce, and bent the naU so that the neck became angulate

into a coxa vara position. No case of generalized aseptic necrosis of the femoia
(

occurred from the use of these naUs. A few localized areas of necrosis near

occurred in patients when the nail was Ijong high in the head of the femiii, an

been associated with traumatic arthritic changes.

JjOUR^'AL OF BOa*- lOlNT
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TABLE II

Unsuccessful Results Following Operation

Complication Location No. of

Cases

Fracture of graft Femur 1

Fracture and absorption Humerus and metacarpal 2

Absorption Humerus and radius 2

Non-union of graft Humerus, radius, and ulna 3

Delayed union Femur 1

were unsuccessful. One patient suffered a fracture of the graft six months after opera-

tion, and one was still in traction eight months after operation.

Of the five tibia cases, reports were received on three. Two grafts healed well; one had

moderate union eleven months after operation.

Good healing occurred in all of the three fibula cases. ,

A follow-up study of these forty-two cases leads to the following observations:

1. The graft undergoes a process of atrophy during its early period,—namely, for

three to five months after its insertion. Evidence supporting this belief is (a) increased

radiolucency, as seen in the roentgenograms; (b) the accidental fracture of the graft in

several cases, after considerable time had elapsed; and (c) a feeling of weakness in the

grafted area for several months. The atrophic process resulted in increased fragility and

secondaiy fractures, noted in several patients, and in absorption of a portion or the whole

of the graft in others.

2. The graft does not possess osteogenic power when implanted, but it may take on

this property later, or after a process of reconstitution takes place. Evidence to support this

belief is the union of the fractured graft following a long period of immobilization.

3. Proliferation of the bone, as observed from late roentgenograms, seems to arise

from the adjacent fragments. The bone-forming process apparently extends along the graft

at some time after the graft undergoes so-called reconstitution. Later the graft itself in-

creases in size.

4. In no case was there evidence to support the belief that the intramedullary portion

pf the graft causes atrophy or deterioration of the fragment into which it has been im-

^planted.

SUMMARY

Of the fifty-two patients operated upon, follow-up studies were obtained in forty

two. Satisfactory results were reported in thirty-three cases. The unsatisfactory lesults

observed in the remaining nine cases are recorded in Table II.

Note: The author wishes to acknowledge with deep appreciation the assistance and coopeiation o

Captain Leo Markin, M. C., and Captain Robert Hampton, M. C., Assistant Chiefs of the Oitiopae

Service at Battej' General Hospital.
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S. Mortality {duriny the Hospital Stay)

Of thirty-eiglit patients treated conservatively, mainly with traction, thirteen died

during their hospital stay,—a mortality of 34 per cent. On the other hand, among ninety-

five patients treated Avith internal fixation, there were only twelve deaths, a mortality rate

of 12.6 per cent. The hospital mortality rate following conservative treatment, in our

hands, was much larger than that resulting from surgical fixation. By a mortality rate of

12.6 per cent, in the nailed group is meant that these twelve patients died before leaving

the hospital. We feel that the operation was responsible for but four of these deaths. Two

elderty women died the day after operation,—one of shock (traumatic and operative)

and one of pulmonary embolism. Two men died of gas gangrene as a result of operation.

The eight remaining deaths (seven due to cardiac failure and one to embolus) took place

from the fifth to the twenty-eighth day after operation. We feel certain that these deaths

are not the result of operative trauma, since an analysis of the patients treated in traction

shows that 70 per cent, of the hospital mortalities occurred before the twenty-sixth day.

9. Senile Psychoses

The development of severe and permanent senile psychosis is considered an extremely

serious complication. Not only are these patients divorced from the rest of their active

lives, but they demand continuous and expensive care, and continue an existence of con-

siderable debasement and suffering. Of the thirty-eight patients treated conservatively,

four (11 per cent.) rvere transferred to mental institutions, because of the development or

aggravation of senile psychoses and dementia. Of the ninety-five patients operated upon,

only two (2.1 per cent.) were transferred to mental institutions. This decrease in the inci--

dence of severe psychoses among the group operated upon is due in part to an earlier re-

turn to active status, and in part to extensive intramuscular vitamin therapy.

10. Decubitus Ulcers

In only eight patients of the series having operations (8.4 per cent.) did pressure

sores of an}'- natiu’e develop.

1 1 . Disabling Deformities of the Hip and Knee

There were no knee deformities incident to the nailing procedure. The final range of

motion of the hip rvas improved over that obtained in patients treated with traction.

12. Incontinence

Although the occurrence of incontinence was as common among the patients in trac-
tion as in those treated with fixation, the latter were immeasurably easier to handle.

SURVIVAL RATE

Due to the advanced age of the patients who sustain intertrochanteric fracture, it is

evident that not many patients mil survive for more than a few years, regardless of
trauma or operation. A review of the cases treated by traction shows that only 32 per cent,
were living one year from the date of fracture. By the end of the second year, 29 per cent,
were alive; at the end of four years, only 13 per cent, were alive. In comparing the group
treated by traction with those treated by internal fixation, ive note a decided contrast.
In the group treated by internal fixation, 72 per cent, were living one year from the date
of the fracture, 38 per cent, survived two years, and even 30 per cent, of those in ivhom
nailing was carried out four years ago have survived.

LENGTH OP HOSPITAL STAY AND EXPENSE

The average patient with an intertrochanteric fracture is an unwelcome guest in the
lospital ward for a prolonged stay. In those cases treated in traction, the average number
VOL. 29. XO. 4. OCTOBER 1Q47



WEDGE OSTEOTOMY OF THE SPINE WITH BILATERAL
INl’ERVERTEBRAL FORAMINOTOAI

Y

('ouuKCTioN OP Flexion Defoumity ev Five Cases of Ankylosing

Autiihitis of the Spine

BY HENRY BRIGGS, M.D.. SIDNEY KEATS, M.D., AND PHILIP T. SCHLESINGER, M.D.,

ORANGE, NEW JERSEY

From the New Jersey Orlhoixieilic Hospital, Orange

The treatment of flexion deformity of the spine, associated with ankylosing spondy-

litis, presents a difficult problem. Xciy frequently, flexion deformity of the spine develops,

despite vigorous systemic antirheumatic therapy and adequate bracing of the back. Such

a patient often presents an arcuate kyphosis in the thoracolumbar region, with loss of

the normal lumbar lordotic curve. The patient stands with hips and knees in flexion;

the whole trunk, as well as the head and neck, is thrust forward. The thorax is flat and

appears immobile; respiration is frequently almost exclusively abdominal. As this chronic,

painful condition progresses, loss of weight, anaemia, and the typical pinched, drawn facies

appear.

The significant pathological feature is the involvement of the intervertebral articula-

tions with the ensuing ankylosis of the spine. A gradual ossification of the interspinal liga-

ments, the anterior and posterior longitu-

Fig. 1 Fig. 2

Fig. 1 : The wedge-shaped pattern of the posterior elements resected in osteotomy of the spine includes
a portion of the spinous processes, laminae, articular processes, and pedicles of the contiguous vertebrae.

Fig. 2 : Illustrating the mechanism of compression of the roots in the intervertebral foramina by the
superior articular process of the inferior vertebra, when hyperextension is effected beyond the normal
range. The shaded segment indicates the amount of the process and pedicle removed in completing the
foraminotomy.

sification of the anterior longitudinal ligament is characteristically seen early in the Marie-
Strlimpell type of ankylosing spondylitis. This ankylosis eventually limits the deformity,
but also precludes satisfactory correction of the deformity by conservative measures.

Since the original description of osteotomy of the spine for the correction of flexion
deformity in rheumatoid arthritis by Smith-Petersen, Larson, and Aufranc, the authors
lave developed a different operative technique in a series of five patients operated upon at
the New Jersey Orthopaedic Hospital. It is our purpose to present a preliminary report
of these cases.
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of hospital days was ninety-eight, or fourteen weeks. The patients treated by iutonial

fixation remained in the hospital an average of fift5’--seven da3’-s, or a little over eight weeks.

Even the eight weeks’ staj' of the patients who were operated upon was a kindness rather

than a necessit3^ This method of treatment almost halves the length of time the patient

needs to remain in the hospital. Manj'- patients are able to paj'- but a small part of their

hospital expense. The major share of the cost of treatment must be borne b}’- hospital en-

dowment or bj' other community resources. This reduces the availability of such resources

for other needy cases. Were e.xpense alone to be considered, this might not prove impor-

tant; but, when viewed in the light of other foregoing statistics, it certainly becomes so.

SELECTIOX OF CASES

In the past two j’^ears the authors have refused to operate upon two patients. One of

them lived eight days, and the other twelve days, in traction. The responsibility for not

operating upon these elderl}'- patients is serious. These two clearly had sufficient vitalit3
-

to have withstood the operative procedure. Perhaps had we nailed their fractures, they

might have lived. Often we felt that the operation was merely the means of keeping the

patient comfortable during the terminal stage, only to. find that the patient lived after

internal fixation. This is much the same experience as that found in the early days of nail-

ing a fracture of the neck of the femur. The authors have been surprised by the number

of patients who have benefited by sui’gical fixation, even when past experience had indi-

cated that thej' would die in traction. We now operate upon and nail all intertrochanteric

fractures.

SUMMARY

1. Internal fixation reduced the hospital mortality to 12.6 per cent., as compared to

34 per cent, after treatment in traction.

2. Severe senile mental deterioration occurred in 2.1 per cent, of the cases following

internal fixation, as compared with an incidence of 11 per cent, in the group treated by

traction.

3. The survival rate at the end of four years among the patients operated upon was li

per cent, higher than in the group upon which operation had not been performed.

4. .All complications were reduced sharply in those patients submitted to internal

fixation.

5. .A.lthough union of the fracture took place in alTsurvivors, the functional result in

those treated by internal fixation was vastly improved.

REFERENCES

1. Cleveland, Mather: A Critical Survey of Ten Years’ Experience with Fractures ol the ycck of 6

Femur. Surg., Gynec., and Obstet., 74: 529-540, 1942.
•

i \ I --h
2. Cle%tel.xnd, AIather, and Bosworth, D. M.: Fractures of the Neck of the Femur. A Critical Analj- ’

of Fiftj' Consecutive Cases. Surg., Gynec., and Obstet., 66: 646-656, 1938.
^ cni-SlO

3. Jewett, E. L.: One-Piece .Angle Nail for Trochanteric Fractures. J. Bone and Joint Suig.,

Oct. 1941.

DISCUSSION '

Dr. Rex L. Diveley, IxAnsas City, Missouri: I am very happy to comment bricflj' on tln^
yc-

stud}'. This is the type of fracture in which it makes very little difference what type of treatment
^

customed to using; all of these fractures usually heal, but infrequently the results obtained are \cO

year and a half ago Dr. Cleveland told us that he was carrying on this study, and we informei

would carry on a similar study at Kansas City General Hospital. The only difference in our stui
^

that we are using a Moore blade-plate, and feel that we get less fragmentation with a plate than 'M

flanged nail. that

Over a three-year period we have studied 120 consecutive cases, and we have had a mor

series of 32.2 per cent, as compared with 36 per cent, in the authors’ series. The youngest a-

seven j'ears of age and the oldest was ninety-four, with an average of seventy-two years.
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The new technique consists of a wedge resection of the posterior elements of the spine

(Fig. 1). This wedge includes a portion of the spinous processes, laminae, articular proc-

esses, and pedicles of the adjacent vertebrae. This procedure is, in actuality, a wide bi-

lateral foraminotomy, as previously described by Briggs and Krause. The advantage of

this operation is that a satisfactory correction of the deformity may be obtained at one

operation and at one level.

The mechanism of the operation may be clearly demonstrated on the cadaver. Such

a study shows that the amount of correction depends entirely upon the size of the wedge

removed. As correction is obtained, the fulcrum, or pivot of angulation, is along the

posterior margin of the intervertebral disc, usually at the superior border. As more than a

normal hyperextension is gained, the superior articular process of the vertebra below com-

presses the roots in the intervertebral foramina at this level against the disc and vertebral

body. The removal of the superior articular process of the vertebra below, with some of its

pedicle, frees the nerve roots from impingement and allows for a degree of correction be-

yond normal hj'^perextension (Fig. 2).

We wish to present the operative procedure employed. The lower lumbar region is

selected for the site of osteotomy, which, we believe, should be performed where the

anterior longitudinal ligament is well calcified. It is helpful to make a roentgenogram

preoperatively, with a marker placed on the patient to identify a lumbar vertebra.

Fig. 3-A

Case 1, K. D. B. Pieopeiative loeiitgeno-

giam.

• R

jA

Fig. 3-B

Postopeiative loentgenogram.

bone and joint suboeby
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mules and sixty-four were mules. One group was treated conservatively and another was tiealed by open re-

duction, for comparison. The conservative treatment consisted of traction, well-leg tiaetion, splints, and,

in the largest series, abduction casts. In the series treated conservatively, we obtained good results in 34 per

cent., satisfactory results in 43 per cent., and poor results in 23 per cent. In the series treated by open reduc-

tion (we have been able to follow only nineteen for a sullicient length of time to know the results), we have

obtained 63 per cent, good results and 32 per cent, satisfactory results; there were only 4 per cent, that we

termed poor. These results would seem to be far better than those obtained by the conservative method of

treatment. Therefore, we highly endorse this method of treatment of intertrochanteric fractures.

Dr. Paul L. Norton, Boston, Massachusetts; The authors are to be congratulated for their forth-

right and comprehensive analysis of this series of 133 cases of intertrochanteric fractures with complications.

This report is both timely and encouraging. In the past, the intertrochanteric fracture has had a high nui-

sance value, because it was felt that the fracture would heal regardless of the method of treatment and,

therefore, it was primarily a nursing problem.

Analyses of end results have demonstrated that we are dealing with a very serious injury, both as regards

the fracture and, more particularly, the life of the patient. This is a fracture of the aged. Of our series of 258

cases, 85 per cent, were over sixty years of age.

Proper treatment must include not only adequate reduction and fixation of the fracture, but also prompt

and efficient preparation of the patient. It calls for close cooperation with the internist and the anaesthetist.

It calls for the use of transfusions and vitamin therapy in the badly debilitated patient.

The problem of after-care is greatly simplified by the use of adequate internal fixation. The clinical

judgment of the surgeon may be taxed severely in evaluating these cases. Should he operate or treat by trac-

tion? If operation is decided upon, should it be done as an emergency, or should a “cooling-off” period be

permitted, so that supportive measures may be instituted to help the patient through the operation? How
long should one wait?

We have had one bolt pull out of a combination Thornton plate and Smith-Petersen nail, and one plate

which broke. Overdriving of the nail has not been a factor in our cases. We have been taught to try for a low

position of the nail, whenever feasible. If the trochanteric block is intact, the nail alone is usually employed.

If comminution is present or if the bone is very atrophic, a plate is used in addition.

There were only two cases of psychosis severe enough to require commitment. Toxic psychoses occurred

infrequently.

Thrombophlebitis was a troublesome complication, and five deaths among our cases were ascribed to

pulmonary embolism.

Pneumonia, cardiorenal disease, and uraemia were among the causes of death in this series. There were
five cases of severe sepsis, either in wounds or in decubitus ulcers. Adhesive dermatitis was an annoying
complication.

The end-result studies were as follows:

No. of Cases Deaths

1923 to 1940 158 41 (26 per cent.)

1941 to 1946 100 33 (33 per cent.)

The over-all mortality was 29 per cent.

In the earlier group of 158 cases, the following treatment was used:

Traction

Plaster spicas

Operation

Bed rest

Miscellaneous methods

The second group of 100 cases (from 1941 to 1946) were treated as follows:

Traction (2 cases with spicas) 49 cases ndth 19 deaths (39 per cent, mortality)
Operation (internal fixation) 51 cases with 13 deaths (25 per cent, mortality)

The outcome in any given case will be determined in large measure by (1) the severity of the fracture,
(2) the age and general condition of the patient, (3) the speed and finesse with which the fracture is reduced
and maintained, and (4) the adequacy of the postoperative nursing care.

Dr. David Bosworth, New York, N. Y. : The nailing of these fractures is more difficult than the nailing
o simple fractures of the neck. It is a hard job, and should be approached with care. Do not forget that there
IS a gi eater hospital mortality among the patients not operated upon, as well as a higher incidence of senility.

le conveision of a patient with an intertrochanteric fracture from a tremendously depressed person to one" 10 IS comfortable is a spectacular thing. Open fixation is well worth while, and we use it always.
(Continued on page 1082)
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Fig. 4-.A. Fig. 4-B
'

Case 2, G. A. Preoperative roentgenogram. Postoperative roentgenogram.

The patient is placed on the table in the prone position with sandbags and pillows on
each side, so that the -abdomen is not compressed by the weight of the body. This allows
free diaphragmatic breathing and tends to reduce epidural hemorrhage.

A mid-line incision is made, and the tissues are reflected from the laminae, spinous
processes, and articular processes by subperiosteal stripping. Exposure is made from the
first sacral segment to the second lumbar. This facilitates the necessarily wide exposure.
On identifying the site of osteotomy, assumed for description to be between the third and
fourth lumbar vertebrae, the articular processes at that level are exposed, and the lateral
borders of the third lamina are identified. A coronal section is then made with the osteo-
tome and bone-cutting forceps through the spinous process of the third lumbar vertebra
and directed so that ultimately the entire inferior articular process of this vertebra and
some of the lamina superior to it will be removed. Another section is then made through
the spinous process of the fourth lumbar vertebra and is directed obliquely cephalad to-
ward the apex of the first section, so that a 45-degree wedge of bone will be removed with
Its base posterior. This wedge will ultimately include the superior articular process of the
lourth lumbar vertebra and some of the superior portion of its pedicle. This section of
one, which is usually somewhat decalcified and may be sectioned and curetted with ease,

is^then broken out down to the ligamentum flavum, which is usually well calcified. The
igamentum flavum is then removed, exposing the dura and the nerve roots at that level.

it 1 osteotome and curettes, the remainder of the articular processes and a portion of the
Pe ic e below on each side are removed, which completes the wide foraminotomy and
oives a thorough exposure of the nerve roots. Epidural bleeding must be controlled.

' 01- 29, XO. 4. OCTOBER 1947
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TABLE I

SiTi; or FincTUitn-DisLocATioN or Thokacoluribaii Spine in FoKn-TxmnB Cases

A'’ci Icbrae Involved Numbei of Cases

Eighth and ninth thoiacic veilcbiae 1

Ninth and tenth thoiacic vcitcbiac 1

Eleventh and tiielflh tlioiacic vcitebiac 13

Tvelfth thoiacic and fiist lunibai vcitebiac 17

Fust and second lumbal vcitcbiac 6

Second and thud lumbai vcitcbiac 2

Thud and foiiith lumbai vcitcbrac 2

Fouith and fifth lumbai vcitcbiac 1

the hospital as a compression fracture of the second lumbar vertebra; the following day,

undei a general anaesthetic, the patient was treated by hyperextension and plaster-of-

Paris. When he recovered from the anaesthetic, he had a complete paraplegia. Within

four hours of this treatment, an open reduction of a fracture-dislocation between the first

and second lumbar vertebrae was performed; and, apart from some weakness of the

doisiflexors of his left foot, the patient has made a complete recovery from the para-

plegia This recovery commenced within four days of the reduction. This mistake was
due to bad roentgenography and also to faulty interpretation of the plates (Figs. 3-A to

3-H, inclusive)

.

RESULTS

Closed Reduction

Of the five cases with complete paraplegia treated by the closed method (Table III)

,

one patient made a complete recovery, is back at light work, and is a wrestler of some
repute. Another made a partial recovery, has good hip and knee control, but a bilateral

paralytic talipes calcaneus; after surgical treatment for this, he will be able to walk again
(Figs 4-A to 4-E, inclusive) . A third patient showed some early promise, and within four
months had partial sensory and motor recovery in both lower limbs; he was able to take
a few steps before it was necessary to evacuate him because of war conditions. He died
very recently; unfortunately an examination was not possible before his death, but he
apparently made no further recovery after leaving the hospital. No details concerning
the other two patients can be given, as they were not treated by the writer. There is no
record that reduction was successful, nor did any recovery occur.

One patient with partial paraplegia was treated by manipulative reduction, and made
an almost complete recovery. Apart from bilateral drop-foot, he has good voluntary con-
trol of all muscles. Roentgenograms show that reduction is good, and spontaneous fusion
of the two affected vertebrae has occurred He is doing light work.

The four patients with no paraplegia were treated by hyperextension and plaster,
presumably under the impression that they had compression fractures. No disasters re-
sulted, as might have been expected. Indeed, in one case reduction was accomplished by
this method, but the spine has subsequently become displaced again. All four patients are
sufficiently fit to do light work.

TABLE II

Degree of Paraplegia Complicating Thoracolusibar Fracture-Dislocations

Paiaplegia

None
Partial

Complete
N

Numbei of Cases

^
one becoming complete

Pmi 1

complete
la

, disappearing on or before admission (based on statement of patient)

lOL 29,^Nq 1,MNUART1047

8
3

27
1

2
2



Ope7i Reduction

The I'esults in those patients treated by open operation have been very disappointing.

Of eighteen patients with complete paraplegia, only one has made an almost complete
recovery from the nerve injury. He was the patient mentioned previously, in whom a

complete paraplegia developed after treatment of an uncomplicated fracture-dislocation

Fig. 3-A Fig. 3-B

Case 4, B. C. This patient had a fracture-dislocation between the first and second lumbar verte-

brae, with interlocking of the articular facets and lateral shift.

Figs. 3-A and 3-B ; Before reduction.

-V’-

WfKfW

Fig. 3-C

;«•

-

'-h

Fig. 3-D

Immediately after reduction.
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The pillo^^ s and sandbags are next removed, and downward pressure is made on the

lumbar spine hy the operator. A certain amount of “give” takes place with steady pres-

sure. Frequently a firm thrust has to be made, which is usually followed by a snap, when
the anterior longitudinal ligament ruptures. At this point the correction is apparent and is

maintained. The contiguous borders of the vertebrae are now in contact.

During this manoeuvre, one has the impression that the lamina of the superior verte-

bra is angulating and is compressing the dura to an alarming degree. This phenomenon

may be safety ignored, since Ave have found no evidence of compression of the dura and

cauda equina at this point. The remnants of the laminae of the third and fourth lumbar

vertebrae are then denuded of outer cortex by osteotomes, leaving a raiv, bleeding, bony

surface. A stainless-steel curved spine plate, as designed by Wilson'*, is then placed in a

bony trough along the lateral surface of the spinous processes on the right side and is se-

cured by means of bolts and elastic stop nuts to the spinous processes of the second and

fifth lumbar Amrtebrae. (We have found that ordinary nuts tend to loosen and umvind.)

Bone chips, piepared from the sections of bone previously removed, are then packed into

the denuded laminal troughs on both sides of the spinous processes to effect a bony fusion

betAA'een the third and fourth lumbar vertebrae, as described by Briggs and Milligan. The

wound is then carefully closed in layers.

I

Fig. 5-A

Case 3, D. R. Roentgenogram taken befoie
operation.

Fig. 5-B

Roentgenogiam taken after o,)eiatija.
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TABLE I

OccuEREXCE OF Tardt Paralysis OF ITlnar Nerve According to Occupaiion

Occupation
No. of

Patients

Professional and managerial 17

Clerical and sales 21

Ser\dce 21

Agvicultuie, fishing, forestry, and mining 24

Skilled labor 12

Semiskilled labor 0

Unskilled labor 5

Total 100

Tarclj" paral3'sis of the ulnar nerve was found to be a disease of adult life. The average

age of a patient was thirtj'-eight j'ears. Seventy-five per cent, of all the patients were more

than thirt}’' years old; onl}’- five were found who were less than twenty years old. The

\'oungest patient was sixteen ji^ears old and the oldest, seventy-three j’-ears.

j\Ien were more frequently afflicted with this condition than women by a ratio of

four to one.

Tardy paratysis of the ulnar nerve did not appear to be especiallj'' likely to develop

among members of anj'' particular occupational group. Just as many so-called “white-

collar” workers had this disease as persons engaged in heavy ph3^sical labor (Table I).

The right hand was most commonty affected. In 53 per cent, of the cases, paralysis

occurred on the right; in 36 per cent., paratysis occurred on the left; the condition was

present bilateralh* in 11 per cent, of the cases. In all of the cases in this series, paralysis

was caused by disease or injury which

affected the ulnar nerve in the region

of the elbow joint.

An old fracture of the elbow was

the leading pathological condition

which caused tardy paralysis of the

ulnar nerve (Table II)- More than

three fourths of the fractures involved

the humerus; and the lateral condyle

was the specific site in about half of

the cases of fracture (Fig. 1). In eveiy

case of fracture, there was a histoi 3
’' o

injiuy. The average interval between

the injury and the onset of symptoms

was twenty-two years. The shoites

interval was four months; the longes

was sixty years.

Arthritis was the causative factoi

in 20 per cent, of the cases. In t is

group, two thirds of the patients gai e

no histor3’' of injiuy to the elbow, ne

patient had old gonococcal arthritis

which involved the elbow joint; an-

other had chronic arthritis, ^nvo t m^

other joints in addition to the elbov.

the journal of bone and joint surgek

Fig. 1

Fig. 1, a: Left arm and band of patient who had tardy
paralj'sis of the ulnar nerve, demonstrating cubitus valgus,

prominence of the lateral condjde of the humerus, and
effects of atrophj' of the intrinsic muscles of the hand. The
condition ^yas caused by an old fracture of the lateral con-

dyle of the humerus, mth non-union of fragments.

Kg. 1, b: Anteroposterior view of the left elbow.
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Dxu'mg, the opevation, the patient ib maintained on a continnoub infusion of 5 pev cent,

glucose in saline; and a transfusion of 500 cubic centimeters of whole blood is at hand.

xVfter operation, the patient is placed in a supine position. After four to five days, a long

Taylor spine brace is applied, which the patient wears at all times. After ten to fourteen

days, the patient is permitted to be ambulatory and is advised to wear the brace contin-

uously for a year or longer.

The technique as described represents the product of our cumulative experiences.

Although this operation is a formidable procedure, it is technically feasible for one who is

familiar with disc surgery.

C.VSE UEPORTS

C.vsE 1. Iv. D. B., a while male, aged twenly-ono, with a flexion deformity (Fig. 3-A) of five years’ known
duiation, was operated upon Febiuary 2S, 1915. Osteotomy of the spine was performed between the fourth

and fifth lumbar veitebiae, with bony fusion of these segments (Fig. 3-B). The patient leturned voluntarily

for examination on January 8, 1946. He felt well and had no pain. Correction was well maintained. The
patient was very well pleased with the impiovement in his postuie. The result was classified as excellent.

In this case, our first, we feared that we might have gained too much correction, and
that, when fusion had occurred, the head might be tipped too far backward, and the patient

might not be able to look directly forward. About a week after operation, a Taylor brace

was applied, and the patient was helped to a standing position at the side of the bed. It

was then noted that his posture was entirely' satisfactory.

Fig. 6-A
Case 4, T. T. Preoperative roentgenogram.
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Fig. 6-B

Postoperative roentgenogram.
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Fig. 2-A

<~v

Vir'A"
> “itZ *.*

T.^X J' *'? A

METRIC 1

Fig. 3 Fig. 2-B

Fig. 2-A: Neuroma of the ulnar nerve removed from a patient (Case 8) who had tardy paralysis of

the ulnar type. Proliferation of fibrous tissue had destroyed most of the nerve fibers.

Fig. 2-B: Section of the neuroma, removed from this patient. The few normal nerve fibers present are

surrounded by dense fibrous tissue (Mallory phosphotung^tic hematoxylin) (X 8).

Fig. 3: Alultilocular ganglion cyst, arising from tendon in the olecranon fossa, which compressed the
ulnar nerve and resulted in tardy paralysis of the nerve (Case 7).

TABLE II

Etiology of Tardy Paralysis of Ulnar Nerve

Cause

No. of

Patients

Old fracture of elbow 57

Arthritis of elbow 20

Unknown 12

Occupational trauma of elbow 4
Congenital anomalies 3

Adhesions secondary to elbow injury 2
Cyst of elbow 1

Recurrent dislocation of elbow 1

Total 100

The majority of these patients, however, had hypertrophic arthritis of the elbow of un-
known cause. Trauma of the ulnar nerve in the group Avith arthritis was caused by oblitera-
tion of the ulnar groove, which stretched and displaced the nerve, or by direct irritation
in the form of spurs or loose bodies.

Twelve per cent, of the patients had no abnormahty to account for the presence of
tardy paralj’^sis of the ulnar nerve.
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TABLE III

Symptoms in Order of Frequency

Occurrence

Symptom (No. of Times)

Paiaesthesia 85

Atrophy

.

81

Paialysis 62

Pain . . . 39

Anaesthesia 25

Fibi illation 7

Tiemor 3

In the remaining cases (11 per cent.), the disease was caused by miscellaneous condi-

tions, such as congenital anomalies, occupational trauma, adhesions, ganglion cyst, and

recurrent dislocations of the elbow joint.

PATHOLOGICAL ASPECTS

In most of the cases studied, a fusiform neuroma of the ulnar nerve was found at

operation. Since the accepted treatment is transplantation without resection of the nerve,

little information was available as to the microscopic pathological aspects of the affected

nerve. One patient died from causes not related to this report, and the transplanted nerve

Mas removed at necropsy. In another patient a large neuroma urns I'emoved, and end-to-

end anastomosis of the nerve u’as performed. The gross and microscopic observations in

this case are illustrated in Figures 2-A and 2-B.

According to Conu-aj^ the early stage of involvement consists of hyperaemia and

oedema of the nein e. This is folloM'ed at a later stage b}’’ an increase in fibrous tissue. Dur-

ing this vicious piocess of hyperaemia, oedema, and proliferation of fibrous tissue nhich

compresses the nen'e fibers, the motor fibers appear to be more vulnerable than the sensory

fibers. It must be assumed, in vieu' of the favorable course in most of these patients, that

removal of the source of trauma reverses the pathological process, in spite of the presence

of a neuroma at the time of operation.

DIAGNOSIS

Probably the most characteristic feature of tardy paralysis of the ulnar nerve, othei

than its delayed appearance after trauma, is the development of profound atrophj’' of the

intrinsic muscles of the hand, ndth relatively little or late impairment of sensation. Since

M^asting of the muscles in a hand is especially noticeable to a patient, most of the patients

reported for treatment, even though they had onlj'’ moderate disability from this condition.

It M^as estimated that slightlj’’ more than half of the patients (51 per cent.) had 50 pei cent.

or less disability, as judged by the interference caused by their symptoms in the peifoimance

of their normal daily activities.

The average duration of symptoms was 2.9 imars. The shortest duration in this

M^as tM'o Aveeks; the longest, thirty-nine years. More than half of the patients ha lac

symptoms for less than tAvo years.

The predominating symptoms, in order of frequency, Avere paraesthesia, atrophy, an

paralysis referable to the hand. Only a third of the patients complained of pain, naes

thesia AA^'as a complaint in less than a fourth of the cases. Fibrillations and tiemois A\ei

rarely observed by the patients (Table III).
k e's

On physical e.xamination, the most common observations Avere atrophy an aa ea n

of the hand; these AA^ere present in 96 per cent, of the cases (Table IV). Thiee oiii

the patients had an ulnar type of anaesthesia in the hand. Half of the patien s
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C VSK G A
,

!i while luiile, iiKccl Ihirty-six, with ii deformity of about eight years’ duration (Fig. 4-A),

uuderwenf'ui osteotomy of the spine, on May It), 15M5, involving tlie fourth and fiftli lumbar vertebrae,

with chip fusion of these segments (Fig. 4-B). When again examined, November 12, 1046, he .seemed to have

gained weight and had no pain or discomfort although he appeared to have lo.st some of the correction.

Ankylosis of the hips was progressing, and ho was using a cane. At that time, he was employed as an inventory

clerk. The result of the operation was classified as fair.

In this case, the correction at the operation seemed to be adequate, although no snap

of the anterior longitudinal ligament was heard. Roentgenograms taken immediately after

the operation showed a 34-degree correction. A spine plate was not used. Roentgenograms

taken eighteen months later showed almost complete loss of correction. This indicated

that, unless the anterior longitudinal ligament ruptures, correction cannot be maintained

without internal fixation.

Case 3. D. R., a thirty-year-old while male, had a deformity of eight years’ known duration. A lumbo-

sacral fusion for a painful back had been performed three years previously at another hospital. One of the

preoperativc roentgenograms is shown in Figure 5-A. On November 14, 1945, osteotomy of the spine was

performed between the third and fourth lumbar vertebrae, with chip fusion of these vertebrae. A spine plate

of the Wilson typo was applied to the spinous processes (Fig. 5-B). The patient was again examined Novem-

ber 12, 1946. At that time, he was working as an assembler. He had some pain at the upper end of the incision

and felt that he was losing the correction, although he appeared to have retained some of the initial correc-

tion. The result was classified as fair.

Ill this case, in spite of a vigorous downward thrust, with the head and foot of the

table elevated, no snap was heard or felt, and the back seemed to spring back to its original

position when the pressure was released. For this reason, a spine plate was applied.

Roentgenograms showed that some correction had been obtained, but it has not been

maintained. The site of osteotomy in this case was not chosen where the anterior longi-

tudinal ligament was well calcified. Because of this experience, we now feel that. the

osteotomy site should be chosen where the ligament is well calcified.

Case 4. T. T., a colored female, aged twenty, with a known duration of symptoms of two years (Fig.

6-A), was operated upon January 16, 1946. Osteotomy of the spine was performed between the third and
fomdh and the fourth and fifth lumbar' vertebrae, with bony chip fusion from the third to the fifth lumbar
vertebrae (Fig. 6-B). On November 12, 1946, the patient had no pain. Correction had been maintained, despite

a fall from the second-story window two months postoperatively. The patient was pleased with the result

of the operation.

This back was corrected very easily at operation, and a snap, indicating that the

anterior longitudinal ligament had ruptured, was heard. When the correction had been
obtained, it appeared that the lamina of the fourth lumbar vertebra was angulating down-
wards, compressing the cauda equina. This situation had been noted before. To check the
condition, the whole fourth lamina was slowly removed, but no actual compression of the
dura by the border of this lamina could be found. After the operation, the patient was
watched carefully for evidence of root compression, but gave no indication of such com-
pression.

. . ,
•

.

Case 5. M. N., a white male, aged thirty-eight, had a deformity of fourteen years’ known duration
,

Fig. 7-A). On May 22, 1946, osteotomy of the spine was performed between the third and fourth lumbar
ftebrae and a spine plate was applied, with subsequent bony fusion of the vertebrae (Figs. 7-B and 7-C).
ihen examined on November 12, 1946, the patient was considerably improved. Correction had been main-
jiied, and the patient was working in a gasoline filling station. He had no pain and was well satisfied with
le improvement in his posture. The result was classified as excellent.

. When the anterior longitudinal ligament ruptures, as in this case, one is impressed
by the instability of the spine and the possibility of the slipping of one vertebra on the
other at the osteotomy site. This seemed to be a dangerous situation, because of the possi-
bility of injury to the cauda equina. However, as soon as the Wilson-type spine plate had
been applied, stabilization of the involved segments was established. The value of internal
fixation was then very apparent.
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TABLK IV

PvubiCAL Findings in Ouddu or Fiuhjuency

Finding

Occurrence

(No. of Times)

Atiophy 96

Weakness 96

Anaesthesia 77

Enlaiged neive 51

Limited motion of elbow 48

Hypotonia 42

Defoi mity of elbow 39

Tender nerve 35

Tiemor 9

Fibrillation . 7

Shallow ulnar gi oove 8

Mass near ulnar gioove 2

Fauiful elbow motions . 1

BiJateial cei vical ribs 1

Involvement of median iiei ve 1

enlaiged ulnar nerve, but few of these patients had nerve tenderness. There was limitation of

motion of the elbow joint in slightly less than half of the cases. Other observations frequently

made were hypotonia of the muscles and gross deformity of the elbow. Tremor, fibrillation,

a shallow ulnar groove, a palpable mass in the olecranon fossa, and pain on motion of the
elbow were observed infrequently. In one case the concomitant finding of bilateral cervical

libs, and in another a simultaneous involvement of the median nerve, complicated the
diagnostic pattern.

A study of these cases indicated that taidy paralysis of the ulnar nerve should be
suspected in any case in which a patient complains of paraesthesia of ulnar distribution
and exhibits wasting of the intrinsic muscles of the hand, regardless of whether or not
sensory disturbances are present. The region of the elbow should be observed carefully,
palpated, and manipulated in the search for pathological conditions which might account
for dysfunction of the ulnar nerve. In this series, roentgenograms of the elbow joint were
impoi tant, since many of the etiological factors were demonstrated prior to operation only
by this means.

The principal conditions which may be confused with tardy paralysis of the ulnar
nerve are the scalenus anterior syndrome, hypothenar neural atrophy®, various intraspinal
lesions, syringomyelia, and progressive muscle atrophy. Most of these conditions can
be eliminated effectively by careful performance of physical and neurological examinations,
and by evaluation of the results. The hypothenar neural atrophy described by Hunt
deserves special mention. This condition is caused by chronic pressure on the deep palmar
branch of the ulnar nerve. This branch is purel}'- motor in function, and the paralysis is
slowly progressive udthout sensory impairment. This is invariably an occupational disease.

PROPHYLAXIS

paralysis of the ulnar nerve could have been prevented in many of the cases in
IV lie 1 a fracture of the elbow joint was the underlying cause. Prophylaxis would have
involved more serious consideration of the injury to the elbow at the time it oceun-ed.

fractures were either unrecognized or were inadequately tieated. A
j'pical history included a fall in childhood, which resulted in a bruised, swollen, and pain-
u e ow. Usually, roentgenograms had not been taken, and the therapeutic program had
coubiste of the application of heat or cold, rest, and support of the injured arm across
' OL. 29, XO. 4, OCTOBER 1947
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This operation was performed by the technique described, with a successful result

as demonstrated by the roentgenograms. We encountered some immediate difficulty in-

this case; the patient was placed on his back following the operation, and every time he

was turned onto his side, he showed respiratory embarrassment and had to be turned im-

mediately onto his back. This seemed to be due to pressure on the abdomen and inter-

ference with abdominal breathing.

Patients with severe ankylosing arthritis of the spine have very little, if any, excursion

of the thoracic cage in respiration, and any changes in intra-abdominal pressure, which

might interfere with diaphragmatic motion, are dangerous. This case indicates the im-

portance of maintaining the patient in the supine position postoperatively.
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DISCUSSION

{Continuedfrom page 1067)

Dr. j. Albert Key, St. Louis, IMissouri; In our series at the St. Louis City Hospital, the mortality of

trochanteric fractures was 43 per cent, when we treated these cases conservatively. When I first started,

thought I could nail a trochanteric fracture as I would a fractured neck. This procedure must be cairied ou

on a fracture table. The fracture must be reduced by mechanical traction, and the reduction must be chec 'e

with the roentgenogram, which is easier than in the case of the fractured neck, because the extreimty can e

brought out to the plate. The operation can be most easilj’’ carried out under general anaesthesia, an le

mortality will be less than that obtained with conservative treatment.

Dr. Frederick R. Thompson, New York, N. Y. (closing) : I have very little to add except to thank the

discussers,—Drs. Diveley, Norton, Bosworth, and Key. We did not operate upon these patients ait rac

tures under traction. We used the usual operating table. Although many fractures can be reduced by manipu

lating the lower extremity before operation, some require reduction at the time of operation.
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the chest in pronation and acute flexion. Some degree of limitation of elbow motion had
persisted, and ulnar paralysis had appeared insidiously in adult life.

In the treatment of recent fractures, it is suggested that, if open reduction is indicated

and the surgeon anticipates a deformity of the elbow, prophylactic transplantation of the

ulnar nerve may be performed at the same operation.

In the group of cases without fracture, the underlying pathological process was ob-

scure to the patient; no prophylactic treatment was suggested by a study of these cases.

One case is reported here (Case 10) in which the only etiological factor was chronic

occupational trauma. The patient Avas an accountant, who habitually rested his elbow on a

desk. He AA'as instructed to protect his ulnar nerve from such trauma and to perform restora-

tive exercises of muscles supplied by the ulnar nerve. In this case, operation was avoided.

During long surgical procedures, with the patient in a supine position, it is a good

technique to place small pillows between the patient’s elbows and the operating table.

This measure Avill prevent injury to the ulnar nerve.

TKEATAIENT

In general, the course of tardy paral3'sis of the ulnar nerve is characterized by un-

relenting progression, and no known conservative form of treatment has been found to be

of any permanent benefit. Best has written a good summaiy of the various forms of sur-

gical treatment which have been employed. The following operations have been designed

to prevent stretching of the nerve, to relieve sources of direct irritation, or to reverse the

process of formation of neuroma.

The first operation is supracond3dar osteotom3’’, which Avas adopted to shorten the

humerus and to relieve pathological stretching of the nerve at the elboAV. This was a

formidable procedure Avhich did not alAva3'^s accomplish its intended purpose, because of

postoperative invoh’ement of the neiwe in scar tissue or the formation of osteoma.

The second operation is deepening of the ulnar groove, a procedure introduced to

reduce tension of the nerve. This operation failed because the postoperatiA’’e deA'^elopment

of osteoma often obliterated the groove. Scar tissue then added insult to the nerve.

The third procedure consists of remoAml of bone fragments and loose osteocartilagi-

nous bodies. This Avas designed to remoAm the source of direct irritation of the nein'^e. It

proved to be an inadequate attack on the problem, unless the nerve was transplanted

anterioi’lA^ at the same time. Additional loose bodies Avere especially likely to recur, and the

damaged neiwe did not recoAmr unless maximum protection against stretching AA'as pio-

vided.

The fourth operation is transplantation of the nex'Am anterior to the medial epicondyle

of the humerus. This procedure has AAuthstood the test of time. Most forms of trauma to

the nerve at the elboAA' are relieA'^ed b3'’ this method. Fle.xion of the forearm in the presence

of a deformed elboAA' causes pathological stretching of the ulnar neium. After this operation,

flexion of the elboAv actually reduces tension on the nerve trunk. In addition, this methoc

places the nerve at a distance from other sources of irritation at the elboAAL The piocediue

introduced by AIurph3" ®' ^ consists of transplantation of the iierAm into the subcutaneous

tissue and its envelopment in a tube of fat and fascia. This technique proAudes fair results.

The damaged nerve is readily traumatized, hcAAmver, since the sldn and subcutaneous

tissues offer inadequate protection. Adson developed a method of transplantation of e

nerve into a muscle bed. This Avas accomplished by sectioning the anterior portion o

adjacent flexor or pronator muscles of the forearm, and resuturing the muscles over

nerve trunk. This procedure offers better protection for the injured nerve, and has pr^

vided the most favorable results. The details of the technique Avere reported by Ac son i

1918 .*

* Suspension of the nerve in a sheath of fascia lata no longer is done. Othermse, the Adson tech q

foUoAved.
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CONGENITAL DISLOCATION OE THE PATELLA

Case Report with History oe Four Generations

BY E. B. MUMEORD, M.D., INDIANAPOLIS, INDIANA

It is not the purpose of this discussion of a congenital dislocation of the patella to give

a historical review of the anatomical and embryological factors which differentiate the

congenital type of dislocation, a constant condition, from the recurrent type of dislocation,

a changing condition. These phases of the subject have been covered thoroughly by Conn

in his carefully prepared presentation of a plan of operation for the congenital type of

dislocation.

Conn does not give a detailed description of the changes, if an}"-, noted in the knee

joint at the time of operation. His comment on this pha.se of the study was: “The exposed

capsule revealed a small patella lying with its articular surface apposed to the lateral

surface of the external femoral condjde, in which position it was anchored by the shortened

fibers of the external capsule”. The roentgenogram was essentially negative.

That changes within the internal structure of the knee j
oint may occur, especially in

old cases, may be seen from Figures 1-A and 1-B (a left knee) and Figures 2-A and 2-B

(a right knee). These two cases represent the congenital type of dislocation; some pain had
been present since early childhood. Each was a female, one sixty 5’-ears and one seventy

j'^ears of age. Each refused an operation. The changes seen in Figures 1-A and 1-B are very
extensive, and show not only progressive changes in the femoral and tibial condyles, re-

sulting from a long period of faulty weight-bearing, but also osteochondritic changes, with
the formation of loose bodies and a thinning of the articular cartilage.

CASE REPORT

V. M., a white woman, aged twenty-five and in good health, was first seen by the author on July 1, 1936.
Her complaint was pain and instability in each knee. She gave the following history: The first time she could
remember having trouble with her knees was between the ages of si\ and seven. She was a very healthy child,
and strong in every way except for her knees. She would try to play games with the other children, but could
not always do so. For a week she might not have any trouble, and then she would have pain and instability

Fig. 1-A Fig
Congenital dislocation of left patella in M. C., a woman, sixti”^ years of age.

' OL 29. N’O. 4. OCTOBER 1947
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TABLK V
SuMAiAiiY OK Tukatment IN 99 OP 100 Cases *

No, of Times
Surgical Pi'ocethire Employed

Anterior transidantation of ulnar nerve into intramusculiir bed 95
Anterior tiansplantation of ulnar nerve into subcutaneous bed 4
Neurolysis 54
Removal of callus or of loose bodies 10
Drainage of woumi 5
Release of adhesions 3
Application of cast 1

Freeing of median nerve 1

Removal of ganglion cyst 1

Manipulation of elborv 1

Section of anomalous artery and vein 1

Excision of neuroma and end-to-end anastomosis 1

* One patient was treated conservatively.

The fifth operation is neurolysis, performed to check the formation of neuroma. This
piocedure has a considerable empirical basis, in that severing or stretching of the tense
tiansverse fascial fibers should relieve compression of the nerve fibers within the neuroma.
The most common form of neurolysis consists in the making of longitudinal incisions in
the outer connective-tissue layers of the neuroma. This is done at regular intervals in the
circumference of the mass by the use of a sharp safety-razor blade. Another type of
neurolysis consists of distending the nerve sheath by the injection of saline solution. The
principle of this procedure is to stretch the transverse fibers over the neuroma. It would
seem that this procedure would be less effective, since the stretching effect probably is
nullified by the increased pressure uathin the mass.

The sixth procedure is resection of the neuroma and the performance of end-to-end
anastomosis of the nerve ends. This procedure is carried out on the assumption that the
neuroma actually is a tumor which permanently inhibits the return of nerve function.
here is evidence in the literature and in the present study, however, to indicate that the

size ot the neuroma has little bearing on the degree of recovery which will be obtained
alter the primary causative factors have been eliminated. In only one case in this study
^^as I'esection of the neuroma and end-to-end anastomosis performed. In this case, the
patient had a neuroma of such unusual size that the nerve could not be manipulated or
tiansplanted easily.

The seventh operation consists of combinations of the afore-mentioned treatments

Zl? ,

common combination which was used in the present series of cases consists of

miiltinU
nerve into a muscle bed, neurolysis of the neuroma by

body^
ongitudmal incisions, and, occasionally, removal of a loose osteocartilaginous

allv ernm^f
^ anomalous conditions, occasion-

utilized
examples of cases in this study in which special techniques were

nerve at thf
Ending of an anomalous artery and vein, which compressed the ulnar

nerve (Fig.
Sanghon cyst which arose from the tendon and compressed the

tion of
patients were treated by anterior transplanta-

eTt of L r "a"
" Subcutaneous transplantation was used in only 4 pL

cent., loose bodies were taken out or callus was removed. A variety of other procedures,
' OL. 29. NO. 4. OCTOBER 1947
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CHART I

History of Maternal Relatives of Patient

Grandmother
(Patellae dislocated)

Four Uncles Oldest Aunt Middle Aunt Mother
(AU normal) (Patellae dislocated) (Patellae normal) (Patellae dislocated)

Oldest Sister Middle Sister Patient

(Patellae dislocated) (Patellae normal) (Patellae dislocated)

Fust Daughter Second Daughter Third Daughter Son
(Died in infancy) (Normal) (Very bad knees) (Normal knees)

i \

in each knee, day after day. At times, when the knee would turn to the side, it would hurt so much that she

could not play and had difficulty in walking, but there would not be any swelling. At other times, she would
fall, the knee would become swollen, and she could not walk for a long time. The amount of injury seemed

to be related to the position of the legs at the time of the fall. As she grew older her knees turned more and

more and her legs became weaker, so that she could scarcely walk inthout falling. At the time of the exami-

nation, she had to use crutches.

*o>.

Fig. 2-A Fig. 2-B

Congenital dislocation of right patella in O. T., a woman, seventy years of age.

THE JOURNAL OF BONE AND JOINT SUBGEB



1094 J. E. GAY AND J. G. LOVE

which were instituted in addition to anterior transplantation of the nerve, are indicated

in Table V.

Ether, administered by the open-drop method, was the anaesthetic agent chosen in

80 per cent, of the cases. In 14 per cent., brachial-plexus block anaesthesia was employed,

and three patients in this group required some other type of anaesthetic as a supplement.

A patient was rarely operated upon under pentothal-sodium or nitrous-oxide anaesthesia.

Davidson and Horwitz, as well as other authors, have recommended a vigorous pro-

gram of physiotherapy after operative treatment. In the cases reported in this study, no

special physiotherapy program was employed. Patients were instructed to use the arm
and hand normally, but to avoid flexing the elbow against resistance, such as lifting or

pushing a heavy object, for a period of three months. This advice was given to avoid

tearing the common flexor attachment from the medial epicondyle, where it had been

reattached by sutures at operation.

KESULTS

The results of surgical treatment for this condition were gratifying. In the 100 consecu-

tive cases studied, 70 per cent, of the patients obtained a satisfactory result. This was

judged by information which indicated that the patient was able to participate in his

normal activities, that he had regained normal use of his hand, and that he was satisfied

with the result. This information was obtained b3
’’ re-examination of the patients at the

Mayo Clinic (twenty cases), by adequate reply of the patients to a detailed questionnaire

(forty-three cases), or by reports from the patients or their family physicians which con-

tained sufficient details to make it possible to judge fairly the results of treatment (thirteen

cases).

Fig. 4 Fig. 5

Fig, 4: Anteioposteiior view of the light elbow joint of a patient (Case 1) with

ulnar nerve. Theie was an old intra-articular fractuie of the lateral condyle of the ngnt >

non-union of the fragment, which was displaced anteriorly.
. „ , , „ pffects of

Fig. 5, a: Left hand of a patient (Case 6) who had tardy paralysis of the ulnar nei ve.

atrophy of the intrinsic muscles of the hand.
. . „ . „ • • i. amir formation.

Fig. 5, b: Lateral view shows moderate hypertrophic arthiitis of the elbow joint, m. p
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Famdu Ilhloty: In thib uuubual family hibloiy a “knee condition’’ exibted in four successive geneintions

(Cliait I), and nas dcscubed by the patient as beini; similar to that of her own knees. (None of the other

membeis of the family wcie been by the author.) All of the knee conditions occuiied in the females, and none

in the four males of the bceond genciation (uncles of the patient) or in the patient’s son (fourth geneiation).

In both the second .ind thiid geneiations theicweie tluee females, but the knee condition was present in only

the oldest and the youngest of each of these geneiations, the middle female having noimal knees. In the

fouith geneiation, the youngest d.iughter has “veiy bad knees".

Fig- 3-A

Roentgenogiams of V. M., aged twenty-five, taken befoie opeiation.

FiG. 3-B

Postoperative roentgenograms of same patient, taken on April 25, 1938.
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Thirt.y-sc'vc'n palk'iils who obhuiicd satisl'actory results had rosidual symptoms whicli

consisted chiefly of anaesthesia and paniesthcsia. A few patients liad some degree of pain,

atrophy, or weakness. None of these symptoms were severe; all of them occurred inter-

mittently and were precipitated by fatigue, arising from heavy work.

Six patients were not benefited by surgical treatment. One of these patients was treated

by subcutaneous anterior transplantation of the nerve, and another underwent excision

of a neuroma and end-to-end anastomosis of the ulnar nerve, in addition to intramuscular

anterior transplantation of the nerve.

No information was available in twenty-four cases.

liEPORT OF CASES

Case 1. A housewife, forty-two years old, had sustained a fall and had sulTered a fracture of the right

elbow joint fourteen years prior to the onset of ulnar palsy. The extremity had been immobilized in acute

flexion, and the patient had not regained full use of her arm for moi'c than a year. Fourteen years after the

accident, she had begun to experience paraesthesia and numbness over the distribution of the ulnar nerve

in her right hand. This condition had progressed slowly, and her household activities had had to be seriously

curtailed. On examination, she exhibited complete ulnar paralysis on the right. A roentgenogram of the right

elbow disclosed an old mtra-articular fracture of the lateral condyle of the right humerus with non-union of

the fragment, which was displaced anteriorly (Fig. 4). On June 22, 1937, one of the authors (J, G, L.) explored

the region of the right medial epicondyle, while the patient was under the influence of ether, administered by

the open-drop method. A large neuroma of the ulnar nerve was discovered, posterior to the medial epicondyle.

Neurolysis of the neuroma was done, and the release of tension caused the contents within the neural sheath

to bulge between the edges of the incisions. The nerve was transplanted anteriorly in a muscle bed. The

patient reported complete return of function of the hand and no residual symptoms, two years after the

operation.

Case 2. A housewife, thirty-eight years old, had been injured in a serious automobile accident. Among
other injuries, she had suffered a fracture of the left olecranon process of the ulna, which had been treated

by open reduction. When she was examined, five months after the accident, there had been no evidence of a

peripheral-nerve lesion
;
roentgenograms had showed the fragments to be in excellent position; and the patient

was attainmg good return of elbow motion. However, three months later she had had limitation of motion
of the elbow joint, and callus had obliterated the ulnar groove. Slight weakness of muscles supplied by the

ulnar nerve had been noted, but no sensory impairment. It was thought advisable to transplant the ulnar

nerve without delay, to avoid further destruction of nerve function. On August 14, 1934, one of the authors
(J. G. L.) performed an anterior intramuscular transplantation of the ulnar nerve; the patient was given
ether, administered by the open-drop method. The ulnar groove was found to be obliterated by callus and
fibrous tissue, but a neuroma was not present. At the same operation the elbow joint was manipulated.
Inquiry, twelve years after the operation, disclosed that the patient had obtained an excellent result, and
had no residual symptoms.

Case 3. A farmer, forty-five years old, had had a gonococcal type of arthritis of the right elbow, and for
more than twenty years afterward had had pain and limitation of motion in that joint. Eight months before
the patient’s admission, numbness had developed in the ulnar half of the right hand; and four months later
he had noticed wasting and weakness of the same hand. On examination, motor and sensory findings were
typical of paralysis of the ulnar nerve. Roentgenograms of the elbow disclosed hypertrophic arthritis, with
multiple loose osteocartilaginous bodies. On August 18, 1933, the medial aspect of the elbow joint was ex-
plored

;
the patient was given ether, administered by the open-drop method. The ulnar nerve was flattened,

fibrotic, and under considerable tension, because of partial obliteration of the ulnar groove by the arthritic
process. No neuroma was present. The nerve was elevated and then transplanted anteriorly into a muscle
bed. Thirteen years later, the patient was working as a carpenter; he had no symptoms of paralysis of the
uhiar nerve.

Case 4. In a forty-year-old farmer, typical ulnar palsy developed insidiously on the right, over a period
of about four years. About a year previous to the patient’s admission, scalenotomy had been performed else-
n here, without benefit. The patient had habitually driven a tractor, resting one or the other of his elbows
on a fender; this had subjected his elbow to repeated traumata. There was no history of other injuries to the
elbow or of disease. Roentgenograms of the thorax and of the cervical portion of the spinal column showed
no evidence of a cervical rib; and results of manoeuvres designed to demonstrate the scalenus anterior syn-
drome were negative. Both ulnar nerves were enlarged at the elbow; the right ulnar nerve w^ the larger.
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Roentgenograms of the patient (Fig. 3-A) showed lateral displacement of the patella; the presence of a

small loose body beside the lateral femoral condyle; and a depression in the condyle, corresponding to the

size and position of this body. The roentgenographic diagnosis of dislocation of the patella was confirmed by
physical examination, as well as at operation, and the case was classified as the congenital type.

The author’s experience with the Goldthwait method of operation for recurrent dislocation of the patella

had been so satisfactory in fourteen knees that this operation was done on each knee of this patient on August

4, 1936. However, as might have been determined if the operator had had more knowledge on the subject, the

operation was of no value. On September 23, 1937, the right knee was operated upon according to the method

of Conn, and the result was so satisfactory that the patient requested a similar operation on the left knee; this

was done on November 19, 1937 (Fig. 3-B). The convalescence from each operation was uneventful, although

slow as regards return of function and stability. At the end of one year the patient resumed her household

duties, and six months later she returned to factory work. She had good stability, and no pain in either knee.

A recent report (1946) is that the patient now has normal function in the knees, that there has been no recur-

rence of either pain or instability in the knee joints, and that she considers herself entirely well.

The operation suggested by Conn is logical in its development, and not too difficult

in execution. The knee capsule is exposed by reflecting the skin flap. A longitudinal in-

cision is made external to the patella, through the capsule and the synovial membrane.

The tendinous attachments of the vastus lateralis and the vastus medialis of the quadri-

ceps mass are freed from the quadriceps tendon itself. The patella is pushed into its normal

position in the mid-line, which leaves a diamond-shaped gap in the line of the lateral

incision. A piece of similar shape (which conforms to a piece of tinfoil placed over this gap)

is then cut from the redundant capsule on the inner aspect of the joint, which includes the

capsule and the synovial membrane. This piece is transferred to the gap on the lateral

aspect and sutured in place with chromic catgut No. 1, care being taken to pass the sutures

down to, but not through, the synovial membrane. The incision on the inner aspect of the

joint is closed with similar sutures. The elongated fibers of the vastus medialis are short-

ened and sutured to the quadriceps and the upper border of the patella, the already short-

ened vastus lateralis is reattached to the quadriceps tendon, and the flaring quadriceps

fibers are folded under the severed portion of the tendon. Weight-bearing is permitted in

three weeks, and full use of the limbs is cncoiu'aged during the fourth week.

CONCLUSIONS

1. Congenital dislocation of the patella presents an entirely different operative prob-

lem than does the recurrent type of dislocation.

2. Extensive joint changes may- occur as the condition progresses.

3. The operation of Conn for congenital dislocation of the patella offers a satisfactoiy

prognosis.

4. The family historj'' of a “knee condition” in four successive generations suggests

an element of heredity on the maternal side.

Note: Since this article was wi’itten, roentgenograms have been obtained of the
of

of this patient and of the youngest daughter of this aunt. These roentgenograms show definite ais

each knee.
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Neurological signs and symptoms of paralysis of the ulnar nerve were present only on the right side. One of
the authors (J. G. L.), on August 31, 1944, e\-plored the right ulnar nerve at the elbow and found a fusiform
neuroma of the nerve in the ulnar groove. Neurolysis of the neuroma was performed, and the nerve was
transplanted into a muscle bed anterior to the medial epicondyle of the humerus. Brachial-ple.vus remonal
anaesthesia was employed for this procedure. The patient’s right hand improved steadily after the operation.

About a year later-, however, identical signs and symptoms developed in the left arm. On February 18 1946
the same operative procedures were carried out on the left side. The patient obtained an e.vcellent return of

function in the right hand. He could not be located so that w-e might inquire as to return of function of the

left hand.

Case 5. A fifty-j^ear-old clergjmian had had sensitivity of the right ulnar nerve since childhood. In his

brother, who had a similar condition, atrophy and weakness of one hand had developed recently. After throw-

ing a baseball or when resting on his elbow, the patient had alw-ays e.xperienced tenderness in the region of the

ulnar groove, and mmibness and tmgling in the hand. His symptoms always had been worse on the right.

His occupation required incessant reading; he had habitually rested his right elbow- on the arm of a chair. On
examination, the ulnar grooves were found to be abnormally shallow- bilaterally. The right ulnar nerve was

enlarged and tender. There was motor paralysis of the muscles supplied by the ulnar nerve on the right side,

but sensation w-as normal. On December 31, 1936, the medial aspect of the right elbow was e.xplored, with

the patient under the mfluence of regional anaesthesia of the brachial ple.xus. The ulnar groove was abnor-

malh- shallow- on a developmental basis. The nerve w-as enlarged and fibrotic, but neuroma w-as not present.

Ten 3-ears later, the patient reported that his onl3- residual S3-mptom w-as slight numbness of the ulnar side

of the hand when he became fatigued from long, hard drives in his automobile. He was well satisfied w-ith the

results of the operation; no difficult3- had developed on the left side.

Case 6. A farmer, sevent3--one 3-ear3 old, had injured his right.elbow- at the age of twent3--five years.

He had had a stiff elbow- after the accident, but signs and symptonrs of ulnar paralysis had not developed

until ten months before his admission. Roentgenograms of the right elbow- demonstrated e.xtensive hj-per-

trophic arthritis. At operation on j\Ia3- 7, 1930, the ulnar nerve was found to be firmly embedded in scar

tissue behind the medial epicond3’le. Anterior intramuscular transplantation of the nerve and neurolysis of

the neuroma were performed. The patient regained normal function of the right hand, but three years later

he returned w-ith evidence of parab-sis of the left ulnar nerve (Fig. a). Roentgenograms showed moderate

ht-pertrophic arthritis of the left elbow joint, with spur formation (Fig. 5, b). On August 29, 1933, a similar

operative procedure was carried out on the left side; e.xtensive adliesions and scar tissue were found to have

accounted for the condition. The patient was re-examined tw-o 3-ears after the last operation. At that time

he had slight atrophy and weakness of the ulnar-supplied muscles on the left, but both arms had been restored

to usefulness.

Case 7. Paralysis of the left uhiar nerve had developed in a restaurant owner, fift3--seven years old,

over a two-3-ear period prior to his admission. In addition to t3-pical paral3-sis of this nerve, ph3’sical examina-

tion disclosed a palpable mobile mass in the left ulnar groove. Roentgenograms of the elbow- demonstrated

nothing abnormal. Clinically, the mass w-as thought to be a neuroma of the ulnar nerve. On November 27,

1945, surgical exploration of the region about the left elbow- disclosed a multilocular ganglion c3-st, about

two centimeters in diameter, which arose from an adjacent tendon and w-as compressing the ulnar nerve.

This C3-st (Fig. 3) w-as completel3- removed; but transplantation of the nerve w-as not performed, since the

elbow- joint appeared to be normal otherwise. Six months later the patient reported satisfactor3- return of

normal function in his left hand.

C.xsE S. An automobile mechanic, twent3'-eight 3-ears old, suffered from progressive parab-sis of t e

right ulnar nerve, which had followed an injury to his elbow-. On ph3'sical examination he w-as found to have

impairment of function of the ulnar nerve and a large, c3-stic, tender mass above the medial condyle on e

right. Subcutaneous transplantation of the nerve had been performed elsewhere, but the patient had not 0

tained relief from pain and tenderness in the region of the elbow-. His discomfort w-as severe enough to

sitate large doses of narcotic agents, and he w-as rapklR- becoming addicted to them. Roentgenograms 0

right elbow demonstrated nothing abnormal. Clinicallj-, the mass w-as suspected of being a ganglion 038 .

On August 13, 1943, surgical e.xploration of the ulnar nerve show-ed that the mass was a large fibrous neuroma

of the ulnar nerve, measuring four b3- one by one centimeters (Figs. 2-A and 2-B). The neuroma was 0 sue 1

size that it w-as necessary to remove it and perform end-to-end anastomosis of the nerve in order to mo 1

1 ^

the nerve and transplant it into an intramuscular bed. Three 3-ears after the operation the patient was gam^

fully employed as an automobile mechanic, but he w-as dissaissfied w-ith the result. He had residua

thesia and pain over the distribution of the ulnar nerve on the right, and a tender mass had recurre ne

the elbow.
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DIA(^N()SIS AND TREATMENT OE TARDY PARALYSIS OF
Till-: ULNAR NERVE

Baski) on a Study of 100 Casus

BY JAMES H. GAY, M.D., AND J. GRAFTON LOVE, M.D., UOCIIE-iTEU, MINNESOTA

From l/w Sections on Neiiroloyic Sunjerii, Mayo Foundation and Mayo Clinic, liochesler

Tardj^ paralysis of the ulnar nerve is a chronic affection which is caused by a wide

variety of pathological conditions in the region of the elbow joint. Its course is character-

ized by slow progression. Surgical intervention is the only satisfactory form of treatment.

Since the ulnar nerve is superficial and, therefore, easih'^ e.\posed to trauma at the elbow,

any condition which alters the relationship of the components of the elbow joint is likely

to stretch or to irritate the nerve. Transplantation of that part of the nerve anterior to the

medial epicondyle into a muscle bed is the specific surgical procedure which has provided

the best results. Serious consideration of all diseases and injuries of the elbow and prompt

treatment of these conditions are the best means of preventing the occurrence of this type

of paralysis.

One hundred patients with tardy ulnar-nerve paralysis, seen consecutively at the

Mayo Clinic in the past twenty-five years, are the basis of this study. All except one of the

patients were treated by surgical methods. This large group of patients provided statis-

tically sound information in regard to the etiolog)', prophylaxis, diagnosis, and treatment

of this disease. Ten cases will be reported here to illustrate the wide variety of etiological

factors which cause tardy ulnar-nerve paralysis.

The first case of tardy ulnar-nerve paralysis in the literature was reported in 1878 by
Panas, who presented a paper before VAcademic de Medecine in Paris. J. B. Murphy
published the first American contribution in 1914. Davidson and Horwitz have published

an excellent review of the literature.

Many authors have presented classifications of paralysis of the ulnar nerve, resulting

from trauma, in -which the nerve trunk remains intact. A combination of these classifica-

tions. which was found useful for the purpose of this study, is shown below:

A. Primary and secondary ulnar neuritis lesulting from;

1. Simple contusion;

2. Recent fracture of the humerus, either of the medial epicondyle or in the supracondylar region

;

3. Recent dislocation of the elbow joint.

B. Tardy paralysis of the ulnar nerve, due to involvement of tJie elbo^v legion by;
1. Old fracture;

2. Arthritis;

3. Occupational trauma;
4. Congenital anomalies;

5. Old or recurrent dislocations;

6. Tumors;
7. Unknoum factors.

ETIOLOGICAL ASPECTS

Most of the etiological information in the literature appears to be based on a rela-
tively small number of cases. The authors have been impressed with ancient fractures of
the elbow as exclusive causes of tardy paralysis of the ulnar nerve. In this study of 100
cases it was possible to make an analysis of the etiological factors involved, and to discover
a wide range of circumstances which produce this condition.

Read before the Harvey Cushing Society, Boston, Massachusett.s, October 10, 1946.
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Case 9. A physician, twenty-ciglil years old, had suffered a fracture of the right elbow at fifteen years

of age, which had been treated by the closed method of reduction. An increased carrying-angle type of de-

formity of the right elbow had developed on the basis of an ununited fracture of the lateral condyle of the

humerus. Symptoms of a right ulnar-nerve palsy had commenced, five years later. The patient had undergone

anterior subcutaneous transplantation of the ulnar nerve three times without succe.ss; these procedures had

been done elsewhere. He also liad received one e.vtcnsivc course of deep roentgen-ray therapy, elsewhere.

The operations and the roentgen-ray therapy had provided only temporai-y relief from pain, and liad not

altered the progress of the atrophy and anaesthesia in his hand. His disability was of such severity that he

was faced with the decision of givmg up his chosen field of surgery or even of abandoning the practice of

medieme. On May 11, 193S, the right ulnar nerve, which was found in subcutaneous tissues anterior to the

medial epicondyle, was explored surgically. There was a fusiform enlargement of the nerve, sLx centimeters

ill length. Neurolysis of the neuroma was performed, and the nerve was transferred medially into a muscle

bed. The patient was advised to contmuc his surgical training and to attempt surgical practice. Eight years

later, this patient was a successful surgeon, who exiierienccd only occasional slight numbness and tingling

in his right hand after a strenuous working day.

Case 10. A public accountant, si.xty-three years old, was found, durmg an examination for unrelated
'

conditions, to suffer from partial paralysis of the right ulnar nerve. There was no history of disease or injury

of the elbow. However, the patient habitually rested his right elbow on a desk in his work as an accountant.

He had complete motor paralysis of the ulnar neiwe, and the right ulnar nerve was enlarged at the elbow.

There was no evidence of sensory disturbance. Conservative treatment was advised. He was instructed to

avoid resting his elbow in such a way as to injure the ulnar nerve, and a series of exercises were prescribed to

maintain tone in the muscles supplied by this nerve. More than a year later the patient reported that his

hand was functioning normally and that the atrophy was disappearing. Whereas he had not been able to

button his clothes, shave himself, or write satisfactorily at the time he was examined, he could do all these

things at the time he was dismissed.
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Fig. 3-G Fig- 3-H

Piesent condition, five years after reduction; roentgenograms show redisplacement, but sound
lateial and anteiior fusion.

by hyperextension under a general anaesthetic. A recent review shows that the dislocation
has recurred, without any recurrence of the paraplegia (Figs. 3-G and 3-H) . Twelve pa-
tients are dead, but six are reported to have shown very slight signs of recovery. Of the
other fiArg living, not one has shown anj’- signs of recovery.

Of the two patients with partial paraplegia who were treated open reduction, one
las made a good degree of recovery, and, in spite of partial incontinence of urine, is doing
ight work. The other has made slight recoAmry, and is walking with a caliper brace.

Of the fiAm patients with no paraplegia who were treated by open reduction, two have



14 J. K. STANGEB

F1G.4-A F1G.4-B F1G.4-C

Case 5, R. H. This patient had a fracture-dislocation between the twelfth thoracic and first lumbar

vertebrae, with interlocking of the articular facets.

Figs. 4-A and 4-B : Before reduction.

Fig. 4-C: Immediately after reduction (only lateral view available).

Present condRion^S years after reduction; roentgenograms show complete redisplacement, but

sound lateral fusion.

made a complete functional recovery from the skeletal lesion and are back at full vor .

The others showed good results, but are doing only light work.

No Rediictiou ^ _ „i„5pd

Seven patients with complete paraplegia were not treated by
j

but simply by general nursing. Six of them showed no sign of recovery ,
but the most
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FLOOR PAD FOR FOOT-EXERCISING

BY MAURICE H. HERZMARK, M.D., WASHINGTON, D. C.

INIost cases of flat-foot or of weak foot can be prevented. Often the cause of flat-foot

is a flat walking surface, and the condition can be prevented by an irregular surface. The

arch of the human foot is supported by muscles, attached to the bones and ligaments. It

has been developed, by a process of evolution, to adapt the foot to sivift and easy move-

ment over rough and irregular ground. The spring-like arch takes up the shock of the im-

pact and reduces the surface of contact. Rough, pebbly ground, hot sandy soil, or cold,

sogg}'" marshland would be hard to negotiate on flat, splayed feet. In primitive times, when

man hunted and was hunted, life depended upon well-developed nimble feet. His soil

determined the kind of feet he would have. The rougher the ground, the better his feet

Now, with well-paved sidewalks, polished floors, and smoothly rolled lawns, the feet that

tread this smooth terrain do not develop spring and strength.

The infant who learns to walk on irregular and springy surfaces 'will build up the

muscles of his feet and legs, which support the arches. By the time he has outgrown his

play-pen days, his feet are strong; and walking habits have been developed which vill

keep his feet in the proper weight-bearing position.

Fig. 1 Fig. 2

Fig. 1: Note pronated feet, when child stands on flat surface.
, p

,

Fig. 2: Child stands on a pad designed to exercise the feet (note knobs). Improved position ol le

be seen,
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Current Literature

OsTEOTOiiY OF THE LoNG BoNES. Henry Milch, M.D. Springfield, Illinois, Charles C. Thomas, 1947. 56.75.

If by philosophy is meant an attempt to think accurately about fundamental problems, then this volume

by Henry Milch might well be titled, “The Philosophy of Osteotomy”. Scarcely any topic in orthopaedic

surgerj^ is as hackneyed as osteotomy. It was one of the earliest orthopaedic operations. Hundreds of different

methods have been devised and numerous articles have been published. To most of us it would seem that

enough—possibly more than enough—had already been written, and yet in this book the author has given

new points of view, has analyzed the accepted conventional procedures with refreshing originality, and

thereby injected new life into what might otherwise have been a profitless field of orthopaedic thought.

The fii’st part of the book is devoted to axial displacements which may occur in the long bones. These

are divided into the lineal, torsional, transpositional, and angulational displacements. In his attempt to

employ terms accurately, Milch rejects the accepted words “linear” and “longitudinal”, and suggests

“lineal” to describe the “axial displacement which occurs when an osteotomized fragment is moved either

distally or proximally in the dnectjon of its longitudinal a.xis”. The term “torsional” is used rather than

“rotational” to indicate an essential difference between the concept of rolaiion, which “connotes a change

of the whole bone with respect to some external frame of reference”, and torsion, which applies to a “change

in the position of one part of the bone with respect to another part of the same bone”. In discussing both the

transpositional and angulational osteotomies, trigonometric formulae are used to substantiate the accuracy

of the author’s deductions.

The second part of the book deals chiefly with the “axial displacement of the femm’ w'hich occurs in the

coronal plane, and which has been called the abduction osteotomy”. Here Milch’s previous publications,

describing the importance of the postosteotomy angle, are given du0,emphasis. His final chapter, “Resection

of the Femoral Neck with Pelvic Support Osteotomy for Ankylosis of the Hip”, is the logical outgrowth of a

rich e.xperience with the abduction osteotomy. Unquestionably, this operation will not find favor with the

supporters of arthroplasty, but time alone can decide whether the Milch procedure may not eventually be

considered the operation of choice w'hen dealing with ankydosed arthritic hips.

Although Milch thinks essentially along mechanical lines, he is also alive to the biological implications

of osteotomy. He shows a fine historical grasp and a thorough knowledge of the literature; yet he does not

befog the issue with too many diverse opinions. Instead he seeks clarity by a vigorous e.xpression of Ins own

thinking.

It is only natural that such a book as this is not easy' reading; many paragraphs have'to be pondered

like a problem in geometry'. To the orthopaedic surgeon who is not afraid of intellectual exertion, however,

this book will prove a stimulating guide and an incentive to more accurate orthopaedic surgery.

Surgery of the Hand. Ed. 2. R. M. Handfield-Jones, M.C., M.S., F.R.C.S. Edinburgh, E. and S. Living-

stone Ltd., 20 shillings; Baltimore, The Williams and Wilkins Company, 1946. S5.50.

No attempt is made in Handfield-Jones’s second edition of Surgery of the Hand to present the entire

subject in great detail, but rather to give the essentials of primary hand care to the general surgeon, w o

must deal with the early problems of injury and infection.

The 164 pages are divided into three sections, covering infections, injuries, and other surgical

Over half of the text deals with the subject of infection. The essentials of Ivanavel’s teaching, couple wu

the author’s vast experience, make this major section an especially valuable one. Handfield-Jones stresses

primarily functional restoration of the infected hand, and turns his treatment at all times toward this ey

objective. Diffei’ential diagnosis of infection is carefully covered, and the care of the infected han is ou

lined lucidly. The author emphasizes repeatedly the need for absolute certainty of diagnosis prior to a y

incision for drainage. The use of hot fomentations is discouraged in favor of dry heat.

The section on injuries covers the principles of Watson-Jones in the handling of fractures and is oc

tions. A chapter on bums gives the e.xperience gained through the Royal Air Force.

Primary suture of severed flexor tendons within sheaths is condemned by the author, in acco

Iselin.

A statement is made that preservation of the proximal phalanx of the middle or ring finger,

thereof, and not the metacai-pal head, is necessary in preventing a rotation of the outer a jac

Other authorities find that it is primarily the intact metacarpal head which prevents the de orim y.

This carefully written volume will prove of great value to the surgeon in the care o priniar

mjunes.
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Fig. 3

Construction of rubber pad.

For a number of years it has been the author's practice to suggest that the play pen

of a child learning to walk be fitted Avith a pad of irregular tufted material, so that the

walking surface Avill rock the feet. The development of the feet in these children Avas such

that none of them needed corrective shoes, arch supports, or other aids to proper Aveight-

bearing.

Recently a very effective pad has been constructed from sponge-rubber sheeting,Avith

segments of sponge-rubber balls cemented on (Fig. 3). Sheeting, one-sixteenth of an inch

thick and forty by forty inches in size, to fit the floor of an ordinary play pen. Aims used.

The balls Avere the type sold for the use of children. The segments Avere cut by outlining

on the surface of a ball, having a diameter of tAvo and one-half inches, as many circles one
and one-quarter inches in diameter as possible. These segments Avere cut Avith a sharp
straight knife, dipped in Avater. About eight segments Avith a flat bottom and curved top,

one-quarter inch high, can be obtained from each ball. About 625 segments are cemented
in staggered arrangement, Avith the curved surface against the sheet of sponge rubber.
The pad is placed Avith the segments against the floor of the pen. This leaves the Avalking
surface smooth in appearance, but the curved knobs under the pad rock the feet and pre-
vent them from pronating or being used passively. This pad has the folloAving advantages:
It is soft and springy, yet has a smooth surface; it Avill not hurt the infant if he falls; it is

sanitary; and the knobs are of the proper size and position to fit an infant’s foot.

Experience over a period of fifteen years has shoAvn that this method of automatically
exercising the infant’s feet Avill forestall flat or AAmak feet in later life.
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CniKURGit; DEK Infektionen. Mit Weitgeiiknijeu BEnOcKsicimauNO DEU Beiianulung. Prof. Dr.

Rudolf Demol. Wien, Wilhelm Miuulricli, 11)47. S12.00.

This book on the surgeiy of infections is obviously written for tl)e geneivil sui'geon. It is divided into

two parts,—general and special. In the general section the problem of infections, anaesthesia, preoperative

management, and general guiding principles of the treatment of infections are considered. In the special

section the skull, head, spine and cord, neck, chest, abdomen, genitalia, and extremities receive separate

treatment. However, of the Cll pages of the book, only ninety-four pages are assigned to the extremities. In

a different part of the book, about ten pages cover the infections of the spine and cord and five pages deal

with the management of the bones of the pelvis. There are 484 illustrations, some in color, which are well

reproduced.

Throughout the text one encounters very few names familiar to the American reader. The book may be

of interest to advanced medical students and to general surgeons who are familiar with the German language.

Health Insurance in the United States. Nathan Sinai, Dr. P.H., Odin W. Anderson, and Melvin L.

Dollar. New York, Tlie Commonwealth Fund, 19-10. .$1.50.

This short, factual monograph is another in the scries published by the Committee on Medicine and

the Changing Order of the New York Academy of Medicine. Voluntary group health prepayment plans in

this country are traced from their beginnings in 1915. The authors have been fair in pointing out the short-

comhigs as well as the benefits of such plans, and they paint an accurate picture of present needs.

In any discussion of a health insurance program—whatever form it may take—the proponents of the

plan have one end in view: to provide for the iniblic protection against the costs of ilhiess and a satisfactory

distribution of all existing facilities. This book offers no utopian solution, but it merely sets forth various

problems of organization, whose solution will determine the future of voluntary health insurance.

Physical Medicine in General Practice. Edited by Arthm’ L. Watkins, M.D. Philadelphia, J. B. Lip-

pincott Company, 1946. .$5.00.

This book is part of the American Practitioner’s Series. Much credit is due the Editor, Dr. Arthur L.

Watkins; and Dr. George Morris Pierson has written a timely foreword.

The Editor has compiled the writings of fourteen well-knoivn ex^perts in the field of physical medicine.

Physical therapy, rehabilitation, and occupational therapy are well presented, especially the first two. It

is a pleasure to read the clinical presentation of the various subjects comprising Physical Medicine in General

Practice. It is written in medical language which any practitioner can imderstand. The technical aspect is

e.xplained in terms easily comprehended. Emphasis is placed upon the clinical application, and many chapters

contain new material.

The chapter on minor injuries deals with athletic traumata. These have not received enough attention

in former books on physical medicine. Electrodiagnosis is presented in.a comprehensive way, and peripheral-

nerve lesions are discussed in the light of new and e.xperimental work done during the war. The care of the
acute and convalescent poliomyelitic patient is well explained on a rational basis. Rehabilitation and recon-
ditioning in Army hospitals, as well as in civilian hospitals, are discussed in two chapters which every doctor
should read.

It is a credit to the Editor that so much information and very complete references are contained in 332
pages; and the attractive appearance of the book and good paper are a credit to the publishers. The only
cnticism that can be raised is the scarcity of illustrations and the poor choice used in selecting some of them.

This is the first book published on physical medicine since World War II, and it is interesting to com-
pare it with the books written after World War I. Such a comparison shows the development of physical
medicine from a technical modality to an integral part of medicine, both therapeutic and diagnostic.

Although this book is intended for general practitioners, it can also be recommended to specialists and
students of physical medicine.

Physikalische Medizin in Dlygnostik und Thekapie (Physical Medicine in Diagnosis and Treatment),
5 und 6 Auflage. Professor Dr. Med. Wolfgang Holzer. Wien, Wilhelm Maudrich, 1947. S9.00.
This book of 760 pages is one volume in a series on physical medicine, written by an eminently qualified

Austrian physician. He was on the staff of the Physiology Department of the University of Vienna for many
years, and his work has covered a variety of subjects. Since the author is a physician and an engineer, he is
particularly qualified in physical medicine. In Europe, physical medicine includes electrocardiography,
encephalography, roentgenotherapy, and radium therapy. In the United States, physical medicine excludes
these subjects, but includes occupational therapy and rehabilitation.

Dr. Holzer has divided his subject into three divisions. In the first one, two chapters are devoted to
P ij sics and physiologjL Here the author shows his training as an engineer. The various energies are treated
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SLOTTED JAW FORCEPS FOR BONE-PLATING

BY S. PERRY ROGERS, EL PASO, TEXAS

The customary surgical technique in plating fractures of the long bones includes the

use of bone-holding forceps, generally in pairs, to grasp both fragments and to manipulate

them into reposition, after which one forceps is usually sufficient to maintain the reduction.

The awkward stage of the procedure frequently has been the application of the plate.

Often this has entailed loosening the forceps, losing the induction, remanipulating the

fragments, and juggling the forceps so as to get the plate beneath the forceps and properly

placed across the reduced fracture. The alternate procedure has been to attach the plate

to one unreduced fragment, and to hope that it will lie properly on the other fragment

after reduction.

Fig. 1 Fig. 2

Provision of a slot of appropriate width and depth in the upper jaw of the holding

forceps allows the introduction and attachment of the plate without disturbance of the

reduction. In the instrument illustrated (Fig. 1), the upper (working) jaw faces the handles

at an angle of 45 degrees, to facilitate access with minimum exposure. The grasping sui

faces on each side of the slot are long enough to overlie a considerable amount of comminu

tion, while the under jaw is sufficiently thin and narrow to allow its introduction vi
J

mirn'miim stripping. A standard slip joint at the hub permits adjustment to any size o

bone from a clavicle to a femur (Fig. 2). A standard locking device is incorporated in t e

handles.

linn the jolhnal of bone and joint sukger
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clearly aivd correctly, based upon thorough technical knowledge and great experience as a research worker

The second division is devoted to the application of physical medicine in diagnosis and research. This is

excellently covered in five chapters. Electrocardiography, electro-encephalography, spirometers, and elec-

trodiagnosis are discussed very extensively; and there is also a chapter on rest and exercise.

The third division, of twenty-one chapters, deals with the application of physical medichie in thera-

peutics. Each chapter follows a pattern, convenient for quick orientation. The subject is e.xplained from the

physical standpoint fh'st. Many pertinent biological and physiological facts are reported next. Reference is

then made to a variety of therapeutic and diagnostic methods and to apparatus for the evaluation of circula-

tion, the nervous system, metabolism, et cetera. Such forms of treatment as balneology, hydrotherapy,

electrotherapy, and mechanotherapy are described hi detail. The construction of the commonly used devices

is e.xplained. Their therapeutic applications are reviewed critically as to indications and contra-indications,

as shown in diagrams. The photographs and drawings, made by an excellent artist, are particularly well

chosen and help to clarify the subject considerably. The weakest parts of the book are the chapters on thera-

peutic exercises; reconditioning and occupational therapy are neglected.

Despite the almost insurmountable difficidties prevailing today in Austria, the editor has done a splendid

piece of work. Fruiting and paper are of the highest quality. As all previous editions were published under

the Nazi regime, the author has completely neglected the Anglo-American literature. This should be cor-

rected in a subsequent edition. The German literature, on the other hand, is referred to exhaustively in

twenty-two pages of bibliography.

This book is recommended for those specialists and students who have a good command of the German

language, as Holzer’s style is a rather complicated one.

StrRF.-i.CE .VND R.-lDIOLOGIC.iL Ax.iTO.MY FOR StUDEXTS AND GENERAL PRACTITIONERS. Ed. 2. A. B. Appletoil,

M.A., M.D. (Cantab.), W. J. Hamilton, M.D., D.Sc., F.R.S.E., and G. Simon, M.D., B.Ch., D.M.R.E.

(Cantab.). Baltimore, The Williams and Wilkins Company, 1946. 67.00.

The authors of this book have presented a study of anatomy which, as the title suggests, goes beyond

skeletal and postmortem examinations and, tlirough the use of apparatus for special examinations and by

the roentgenographic approach, helps to show how the living subject differs from the cadaver.

The illustrations, which are of excellent qualitjq include photographs of a member, as well as compara-

tive drawings and roentgenograms, thereby showing the relationship between surface contours and deeper

structures. Similarl}', the text proceeds from surface examination to that of muscles, vessels, nerves, organs,

and bones, mcluding their relations to changing positions of the body. Individual variations in bodily type

are emphasized.

The present edition has been rewritten and rearranged, and contains many new illustrations. The first

section of the book deals with general anatomy and methods. The I’emainder is divided into six sections: the

upper limb, the chest and back, the abdomen, the head and neck, the vertebral column, and the lower limb.

The presentation is clear, and thmcorrelation of anatomy with clinical findings makes the book valuable.

Medical Addend.v. Related Ess.vys on Medicine .-vnd the Changing Order. Committee on Medicine

and the Changing Order, New York Acadeinv of Medicine. New York, The Commonwealth Fun ,

1947. §1.75.

These essays supplement the series of volumes issued bj*^ the Committee on Medicine and the Changing

Order of the New York Academy of Medicine. In all, the Committee has published twelve volumes, and t ey

form the foundation for the report of the Committee which summarizes the findings and points to a bettei

future. As one of the Committee spokesmen points out: “The contents of these volumes are proof that tie

practice of medicine is changing from a private pursuit to a social obligation”.

The essays in the present volume are able presentations of the most recent knowledge on such ®

as: Psychosomatic Medicine, Medical Social Work, Psj'chiatric Social Work, Chronic Diseases, an

habilitation and Convalescence. Of particular interest are the chapters on psj'chosomatic medicine a^

^
psychiatric social work. The psychiatrist, psychologist, and social worker are gradually coming to v oi ' a

trained, effective team; and, as time goes on, their combined efforts will be extremely beneficial, not on j

the patient, but to our society as a whole.
.

Any one of the twelve monographs in this series is available through The Commonwealth ' un i

New York Academy of Medicine.
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News Notes
The Fifteenth Annual Convention of The American Academy of Orthopaedic Surgeons will be

held at the Palmer House, Chicago, January 24 Ihrough 20, 1948, under the presidency of Dr. Rex L. Diveley.

A program of unusual interest has been prepared. Registration will begin Saturday morning, January 24.

The Audio-Visual Program will be presented Saturday afternoon and Sunday morning, to be followed by

the Instructional Courses on Sunday afternoon and Monday morning. The Scientific Program will begin on

Monday afternoon and close at noon Thursday. Four tlistinguishcd foreign guests arc expected to participate

in the program. A preliminary program containing information concerning this meeting ^vill be mailed to all

members before the holidays.

Applications for Part I of the examination of The American Board of Orthopaedic Surgery must

be received by the Secretary, Dr. Francis M. McKcever, 1136 West 6th Street, Los Angeles 14, California,

not later than January 15, 1948.

The Annual Convention of The National Society for Crippled Children and Adults, Inc., will

be held at the LaSalle Hotel, Chicago, November 3 to 5, 1947. The program for Monday will be developed

around the Convention theme “The Handicapped—a Great National Resource”; the Tuesday program

will concern Rehabilitation; and the Wednesday program will be on Cerebral Palsy. All interested persons

are cordially invited to attend the Convention.

The Annual Meeting of the American Occupational Therapy Association will be held at Hotel

del Coronado, Coronado, California, November 2 to 7, 1947.

The American Academy of Allergy will hold its annual convention at Hotel Jefferson, St. Louis,

Missouri, December 15 to 17, inclusive. All physicians interested in allergy problems are cordially invited

to attend the sessions as guests of the Academy by registering, without payment of fee. The program and the

scientific and technical exhibits have been arranged to cover a wide variety of conditions where allergic

factors may be important. Advance copies of the program may be obtained by writing to the Chairman on
Arrangements, Charles H. Ej'ermann, M.D., 634 North Grand Boulevard, St. Louis, Missouri,

The Annual Report of The National Foundation for Infantile Paralysis for the fiscal year ending
May 31, 1947, has recently appeared. This report contains a valuable summary of the tremendous activities

of the Foundation during this period, which was marked by severe epidemics of infantile paralysis.

The Baruch Committee on Physical Medicine has recently issued a report covering the period
of April 1, 1945, to December 31, 1946. The report emphasizes the significant advance in physical medicine
and rehabilitation during this period, and mentions in detail the work at various centers, which has been
made possible by grants from the Research Fund.

Through The John and Mary R. Markle Foundation, scholarships are now being made available
to young men and women, graduates of accredited medical schools in the United States and Canada, who
contemplate careers of research and teaching in the sciences basic to medicine. The liberal “post-fellowship”
grants are being made to candidates recommended by their medical schools.

Announcement has been made by the Mellon Institute of Pittsburgh of the establishment of research
fellowships on orthopaedic appliances by the Sarah Mellon Scaife Foundation. The program of study
will be carried out under the direction of the Department of Orthopaedic Surgery of the School of Medicine
University of Pittsburgh.

’

An interesting meeting of German orthopaedic surgeons was held at the Universitatsklinik in Heidel-
berg, on September 3, 4, and 5. The committee in charge of the congress included Prof. Weil of Heidelberg
Prof. Max Lange of Bad Tolz, and Prof. Hohmann of Munich.

At the opening session. Prof. Weil greeted the guests; Prof. Hohmann gave the introductory address;
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and Prof. Lange opened the scientific part of the congress, outlining the program which had been prepared

The main topics discussed were;

The problem of providing for the care and rehabilitation of amputees.

The importance of the herniated nucleus pulposus as a cause of lumbago and sciatica.

New methods of treatment of bone and joint tuberculosis.

The operations for irreparable paralyses, following impairment of the peripheral nerves, resulting

from accidental injuries; the indications for their use and the results which may be expected.

The treatment of flail joints after extensive joint resection.

Operative nailing of the hip joint in chronic disease.

There were several speakers on each of these general topics, wth others presenting papers on related sub-

jects, and general discussion following the formal presentation of papers.

The last two sessions featured a series of short pres{mtations.

During the coming weel<s, the Committee on Postgraduate Training in Orthopaedic Surgery, in

association with the Council on Medical Education and Hospitals of the American Medical Association and

The American Board of Orthopaedic Surgery, will conduct a survey of the orthopaedic-training services

in the L^nited States. Two hundred and forty-three hospitals will be visited by twenty-nine orthopaedic

surgeons.

Information will be obtained from these hospitals on the clinical and basic-science training which the

orthopaedic residents are receiving. There are at the present time approximately 550 doctors in training

on approved orthopaedic residencies.

This survey will be completed by December 1, following which the reports will be reviewed by the

Committee and recommendations made accordingly to the Board and Council.

A. R. Shands, Jr., M.D., Secretary

AMERICAN SOCIETY FOR SURGERY OF THE HAND

The American Society for Surgery of the Hand will meet in Chicago on January 23 and 24, 1948, in

conjunction with The American Academy of Orthopaedic Surgeons. Visitors are welcome to the scientific

session. The preliminary program is as follows;

Volkmann’s Ischaemic Contracture, Local in the Hand.
Sterling Bunnell, M.D., San Francisco, California.

Tendon Grafts as a Substitute for Fle.xor Tendons.

Sumner L. Koch, M.D., Chicago, Illinois.

Tendon Transfers and Arthrodeses in Combined Median and Ulnar Nerve Paralysis.

J. William Littler, M.D., New York, N. Y.
Initial Treatment of Hand Injuries: Some Common Errors.

Condict W. Cutler, M.D., New York, N. Y.
Transplantation of Metatarsals to the Hand to Replace the Metacarpal.

Walter C. Graham, M.D., Santa Barbara, California;

Captain Daniel Riordan, M.C., Phoenixville, Pennsylvania (by invitation).

Metacarpal Transfer for Improving the Function of the Crippled Hand.
Lt. Colonel Gilbert L. Hyroop, M.C., Battle Creek, Michigan.

Tenosynovitis of the E.xtensor Carpi Ulnaris Tendon Sheath.

Clarence A. Luckey, M.D., Oakland, California.

Experimental Study of Cellophane in Prevention of Adhesions after Tendon Suture.

William H. Requarth, M.D., Chicago, Illinois.

Z-Plasty versus Free Skin Graft for Correction of Volar Skin Contractures of the Hand.

William H. Frackelton, M.D., Milwaukee, Wisconsin.

Tumors of the Hand.
Michael L. Mason, M.D., Chicago, Illinois.

Mobilization of Stiff Finger Joints.

S. Benjamin Fowler, M.D., Nashville, Tennessee.

Report of the Committee on Rehabilitation.

Donald B. Slocum, M.D., Eugene, Oregon.

Opponens Transplant.

John W. Kirklin, M.D., Rochester, Minnesota (by invitation).

Sympathetic Surgery for Lesions of the Upper Extremity.

C. Hunter Sheldon, M.D., Pasadena, California (by invitation).
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PresenUitioii of Cases.

Sumner L. Koeh, M.D., ClueaKo, llliuoi.s;

IMiohael L. Mason, M.l)., ChieaKo, Illinois;

Harvey S. Allen, M.O., ChieaKo, Illinois.

THE AMERICAN ORTHOPAEDIC ASSOCIATION

The Sixtieth .\.niuial Meetinj' of The .Aineriean OiThopaedic .\h.soeiiition, under the presidency of Dr.

LcRoy C. Abbott, was held at The Homestead, Hot Springs, Virginia, June 27, 28, 29, and 30, 1947. An

excellent program had been prepared by the Program Committee and the .standard of the papers from both

guests and jnembers was unuaually high.

The program follows:

Fuiday, June 27

Morning Session

The Primary Suturing of Compound Fractures Including Immediate Internal Fixation, Sldn Graft,

and Compression Dressings.

Arthur G. Davis, M.D., Erie, Pennsylvania.

Discussion; H. Earle Conwell, M.D., Birmingham, Alabama;

Kellogg Speed, M.D., Chicago, Illinois.

The Management of Venous Thrombosis of the Extremities.

Daniel C. Elkin, M.D., Emory University, Georgia (by invitation).

Follow-up Report on a New Surgical Procedure for Lymphoedema of the Extremities.

H. B. Macey, M.D., Temple, Texas.

Discussion; Ralph K. Ghormley, M.D., Rochester, Minnesota;

Daniel C. Elkin, M.D., Emory University, Georgia (by invitation).

Bone Marrow and Blood Studies in Multiple Myeloma and Certain Other Skeletal Lesions.

Ernest H. Falconer, M.D., San Francisco, California (by invitation).

Bone and Joint Changes in Hemophilia.

Ralph K. Ghormley, M.D., Rochester, Minnesota;

Reed S. Clegg, M.D., Rochester, Minnesota (by invitation).

Discussion; William T. Green, M.D., Boston, Massachusetts;

Guy A. Caldwell, M.D., New Orleans, Louisiana.

Internal Fixation for Lumbosacral Fusion.

Donald IGng, M.D., San Francisco, California.

Discussion; Lenox D. Baker, M.D., Durham, North Carolina;

Alan DeForest Smith, M.D., New York, N. Y.
Operation to Correct the Valgus Deformity Resulting from Pott’s Fractui e.

E. B. Mumford, M.D., Indianapolis, Indiana.

Discussion: Frederick C. Kidner, M.D., Detroit, Michigan;

H. Earle Conwell, M.D., Birmingham, Alabama.

‘Afternoon Session

The Painful Shoulder—Observations on the Role of the Tendon of the Long Head of the Biceps Brachii
in its Causation.

Harold H. Hitchcock, M.D., Oakland, California;

Charles O. Bechtol, M.D., Oakland, California (by invitation).

Discussion: J. Albert Key, M.D., St. Louis, Missouri;

Robert W. Johnson, M.D., Baltimore, Maryland.
A Preliminary Report on the Evaluation of Modifications of the Bankart Procedure for Recurrent

Dislocations of the Shoulder Joint.

Joseph B. Josephson, M.D., San Jose, California (by invitation);

Jesse T. Nicholson, M.D., Philadelphia, Pennsylvania.
Discussion: Frederic C. Bost, M.D., San Francisco, California;

Toufick Nicola, M.D., Montclair, New Jersey.
Extraskeletal Ossifications Simulating Sarcoma.

Howard Hatcher, M.D., Chicago, Illinois.

Discussion: Allen F. Voshell, M.D., Baltimore, Maryland;
Samuel Kleinberg, M.D., New York, N. Y.;

Dallas B. Phemister, M.D., Chicago, Illinois.
e\\ Method for Fusion of Ununited Fractures of the Carpal Bones.

Paul B. Steele, M.D., Pittsburgh, Pennsjdvania.
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Discussion; Edwin F. Cave, M.D., Boston, Massachusetts;

Arthur B. LeMesurier, M.B., Toronto, Ontario, Canada.

The Cineplastic Method in Upper-Extremity Amputations.

Rufus H. Alldredge, M.D., New Orleans, Louisiana.

Discussion; Paul B. Magnuson, M.D., Chicago, Illinois;

Phihp D. Wilson, M.D., New York, N. Y.;

Verne T. Inman, M.D., San Francisco, California.

Pseudarthrosis in the Lumbosacral Spine.

Mather Cleveland, M.D., New York, N. Y,;

David M. Bosworth, M.D., New York, N.,Y.;

Frederick R. Thompson, M.D., N'ew York, N. Y. (by invitation).

Discussion; Joseph S. Barr, M.D., Boston, Massachusetts;

Eugene M. Regen, M.D., Nashville, Tennessee;

Alan DeForest Smith, M.D., New York, N. Y.

Morning Session

Satubday, June 28

The Management of Comminuted Fractures of the Distal End of the Humerus Involving the Elbow

Joint.

John L. McDonald, M.D., Toronto, Ontario, Canada.

Discussion; Walter P. Blount, M.D., Milwaukee, Wisconsin;

Walter G. Stuck, M.D., San Antonio, Texas.

Fractures of the Capitellum Humeri.

John C. Wilson, M.D., Los Angeles, California.

Discussion: Edwin W. Ryerson, M.D., Chicago, Illinois;

T. Campbell Thompson, M.D., New York, N. Y.

;

J. S. Speed, M.D., Memphis, Tennessee.

Homografts in Orthopaedic Surgeiy.

Mju’on 0. Heniy, M.D., Minneapolis, Minnesota.

Discussion; Rufus H. Alldredge, M.D., New Orleans, Louisiana;

J. S. Speed, M.D., Memphis, Tennessee;

Alberto Inclan, M.D., Havana, Cuba;

Alan DeForest Smith, M.D., New York, N. Y.

Cartilaginous Cup Arthroplasty in Ununited Fractures of the Neck of theWemur.

John R. Moore, M.D., Philadelphia, Pennsylvania.

Discussion; Joseph A. Freiberg, M.D., Chicinnati, Ohio;

Paul C. Colonna, M.D., Philadelphia, Pennsjdvania,

Surgical Treatment of Intractable Plantar Warts.
James A. Dickson, M.D., Cleveland, Ohio.

Discussion; R. Plato Schwartz, M.D., Rochester, N. Y.;

James E. M. Thomson, M.D., Lincoln, Nebraska;

A. W. Farmer, M.D., Toronto, Ontario, Canada.
An Evaluation of Penicillin Therapy in Acute Hematogenous Osteomj'elitis.

W. A. Altemeier, M.D., Cincinnati, Ohio (by invitation).

Acute Hematogenous Osteomyelitis. A Study on Treatment.
I. William Nachlas, M.D., Baltimore, Marjdand;
Herbert R. Markheim, M.D., Baltimore, Maryland (by invitation).

Discussion: Dallas B. Phemister, M.D., Chicago, Illinois;

Frank D. Dickson, M.D., Kansas City, Missouri;

A. W. Farmer, M.D., Toronto, Ontario, Canada.

Morning Session

Sunday, June 29

Certain Features of the Mechanics of the Hip Joint.

Verne T. Inman, M.D., San Francisco, California (by invitation);

J. B. deC. M. Saunders, M.B., San Francisco, California (by invitation).

Congenital Pseudarthrosis—Follow-up Study after Massive Bone-Grafting.

Harold B. Boyd, M.D., Memphis, Tennessee;

Ivermit W. Fo.x, M.D., Memphis, Tennessee (by invitation).

Discussion: Halford Hallock, M.D., New York, N. Y.;

Rex Divele}^, M.D., Kansas Cit}’’, Missouri.
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Krauss, Ruth F. Osteomj'elitis Caused by Salmonella typhimurium
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Lucas, Leo S., and Gill, Joseph H. Humems Varus Following Birth Injury to the Proximal Humeral
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Luckey, Clarence A.
;
Logan, Noble H.

;
and Dickson, Douglas D. Infantile Cortical Hyperostosis 224

M
McCarroll, H. R., and Heath, R. D. Tubei'culosis of the Hip in Children. Certain Roentgenographic

Manifestations, Secondary Changes in the Extremity, and Some Suggestions for a Program of

Mackenzie, William. Painful, Non-Suppurative, Localized Sclerosis of the Long Bones. With a Repprt

of Two Cases

McPherson, S. R., and Luckey, C. A. Tendinous Reconstruction of the Hand Following Irreparable

Injury to the Peripheral Nerves and Brachial Plexus

Manning, K. R., and Garceau, George J. Transposition of the .Anterior Tibial Tendon in the D'eatmeiit

of Recurrent Congenital Club-Foot .

Marcy, George H. The Posterolateral Approach to the Femur
Martin, Robert V., and Haboush, Edward J. Painful Interdigital Clavus (Soft Corn). Treatment by

Skin-Plastic Operation
’

Massie, William K., and Ecker, Arthur. Internal Fixation of Bone and Neurorrhaply. Combine

Lesions of Radial Nerves and Humerus
Mellen, Richard H., and Phalen, George S. .Ai-throplasty of the Elbow by Replacement of the Dista

Portion of the Humerus Mth an Acrylic Prosthesis
'

Miller, Richard C., and Phalen, George S. The Repair of Defects of the Radius ulth Fibulai one

Grafts V r

The Transfer of Wrist E.xtensor Muscles to Restore or

Reinforce Fle.xion Power of the Fingers and Opposition of the Thumb

Moore, John Royal. Osteotomj’^-Osteoclasis. A Method for Correcting Long-Bone Deformities
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Muscular Torticollis.

Fremont A. Chandler, M.D., Chicago, Illinois.

Discussion: .1. Hiram Kile, M.D., Atlanta, Georgia;

Robert V. Funsten, M.D., Charlottesville, Virginia.

The Nitrogen Content of Bone. A Laboratory Study.

L. J. Strabino, hl.D., Wilmington, Dchiwaic fby invitation);

L. E. Farr, M.D., Wilmington, Delaware (by invitation);

A. R. Shands, Jr., M.D., Wilmington, Delaware.

Discussion: Carl E. Badgley, M.D., Ann Arbor, Michigan;

William T. Green, M.D., Boston, Massachusetts.

Presidential Address.

LeRoy C. Abbott, M.D., San Francisco, California.

Experimental Intervertebral-Disc Lesions.

J. Albert Key, M.D., St. Louis, Missouri;

Lee T. Ford, M.D., St. Louis, Missoini (by invitation).

Discussion: Edward L. Compere, M.D., Chicago, Illinois;

Joseph S. Barr, M.D., Boston, Miussachusetts.

Overlap Bone Operation for Serious Malunions and Persistent Non-Unions of Fractures of Both Bones

of the Forearm.

J. Warren White, M.D., Greenville, South Carolina.

Discussion: Robert D. Schrock, M.D., Omaha, Nebraska;

Robert W. Johnson, M.D., Baltimore, Maryland.

Morning Session

Monday, June 30

Symposium on Congenital Dislocation of the Hip.

Alan DeForest Smith, M.D., New York, N. Y., Chairman.

Embryology of the Hip with Etiology and Pathology of Congenital Dislocation.

Carl E. Badgley, M.D., Ann Arbor, Michigan.

Results of Treatment of Congenital Dislocation of the Hip in Infancy.

Frederic C. Best, M.D., San Francisco, California;

Helen Hagey, M.D., San Francisco, California (by invitation);

Edwin R. Schottstaedt, M.D., San Francisco, California (by invitation).

Results of Treatment of Posterior Congenital Dislocation of the Hip.

C. H. Crego, Jr., M.D., St. Louis, Missouri.

J. R. Schwartzmann, M.D., St. Louis, Missouri (by invitation).

Results of Treatment of Congenital Dislocation of the Hip.

Wallace H. Cole, M.D., St. Paul, Minnesota.

Late End-Result Studies of Treatment of Congenital Dislocation of the Hip.

A. Bruce Gill, M.D., Philadelphia, Pennsylvania.

Follow-up Studies and Additional Observations in Primary Anterior Congenital Dislocation of the

Hip.

H. R. McCarroll, M.D., St. Louis, Missouri.

Congenital Dislocation of the Hip with Treatment in Older Age Group.
H. R. McCarroll. M.D., St. Louis, Missouri.

Report of Results of Treatment of Congenital Dislocation of the Hip by Osteotomy.
Herman C. Schumm, M.D., Milwaukee, Wisconsin.

Report of Results of Treatment of Irreducible Congenital Dislocation of the Hip by Arthrodesis.
Charles J. Frankel, M.D., Charlottesville, Virginia (by invitation).

Report of Results of Treatment of Congenital Dislocation of the Hip by Vitallium-Mold
Arthroplasty.

M. N. Smith-Petersen, M.D., Boston, Massachusetts.

Discussion: George K. Coonse, M.D., Boston, Massachusetts;

Leo S. Lucas, M.D., Portland, Oregon

;

Charles O. Bechtol, M.D., Oakland, California (by invitation);

Beckett Howorth, M.D., New York, N. Y.;

Edward L. Compere, M.D., Chicago, Illinois;

Carl E. Badgley, M.D., Ann Arbor, Michigan;

Joseph A, Freiberg, M.D., Cincinnati, Ohio.

Executive Sessions were held at noon on Saturdai"-, June 28, and Monday, June 30. The Annual Assoeia-
ion tianquet was given on Saturday evening, June 28.
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Robert I. Harris, M.B., Toronto, Ontario, Canada, is President of The Association for the year 194

1948.

At the last E.xecutive Session, the following officers, members of committees, and delegates were electe
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CLAY RAY MURRAY
1890-1947

In June of this year, Clay Ray Murray \ras elected postluinioiisly to The American Orthopaedic Associa-

tion. Tliere could have been no more suitable and ai)proi)riate c.\i)ression of the respect and affection in which

he was held by orthopaedic surgeons.

He died on June 14, 1947.

Native of New York City, he was graduated from the College of Physicians and Surgeons in 1912.

There followed four years of internshii) at the New York Hosjiital and several years of service abroad in the

Army Medical Corps. In 1921 he joined the Surgical Staff of the Now York Hospital, and later that of the

Lincoln Hospital. At the time of its establishment in 1928, ho was ajrpointcd Assistant Director of the Frac-

ture Service of the Presbyterian Hospital and As.sociate Professor of Surgery at the College of Physicians and

Surgeons. He became Chief of the Fracture Service and Professor of Orthoiraedic Surgery in 1945.

Although his dominant surgical interest and the greater part of his life work were devoted to fractures, he

became a thoroughgoing student of orthoiracdic surgery. In the broader field, clinical e.vperience, wide

reading, and e.xtensive travels, which made possible adequate visits at many of the leading clinics of the

world, gave him an unusually rich background and high potential. He was very much interested in The

Joxirnal. One of his last professional duties was to serve as a representative of The American Academy of

Orthopaedic Surgeons at the conference held in London, May 27, 1947, to formulate recommendations for

the organization of British-American co-publication of The Journal.

His original contributions, including work on the healing process in bone following fracture, studies of

the reaction of bone to various high-alloy metals, and developments in the technique of operative treatment

of fractures, are valuable.

His intensity and enthusiasm kindled in his students a like flame; as a teacher he was successful. His

hard-won convictions and graphic style made him a forceful speaker and wu-iter.

Plagued by illness which seldom left him free of physical handicap, from the time of his internship, he

never complained, he was never irritable. Instead, he retained an inexhaustible enthusiasm for orthopaedie

surgery and an e.xtraordinary capacity for accomplishment. Loyal, esteemed, mature in skill and judgment,
a seemingly tireless worker, he will remain fixed in our memories even more for his deep and unfailing en-

thusiasm and his sheer courage.

BARNEY JAMES HEIN
1889-1947

Word has been received of the death of Barney J. Hein, on August 17, after a brief illness. Dr. Hein
was born in Toledo, Ohio, and, except for three years of postgraduate work at Harvard Medical School and
or service overseas in World War I, as Captain in the Army Medical Corps, he spent his life in Toledo. He
received his medical degree from Toledo Medical College in 1912 and then served his internship at St. Vin-
cent’s Hospital.

He devoted a good deal of his time to industrial surgery, served on the staffs of the Flower Hospital,
I ercy Hospital, Toledo Hospital, and Women's and Children’s Hospital, and w'as Chief of the Orthopaedic

a at St. Vincent’s Hospital. He w'as also a member of a number of societies, including the American

^

e leal Association and the Ohio State Medical Association, and was a fellow of the American College of
> urgeons and The American Academy of Orthopaedic Surgeons.

In addition to his accomplishments in the field of orthopaedic surgery, Dr. Hein was active in Toledo
CIVIC organizations. He will be greatly missed bj’’ his associates and friends.
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Fig 5-C
Case 6, E F This patient had a fracture-dislocation between the eleventh and tu elfth thoracic

^ertebrae, Mith interlocking of the articular facets Figs 5-A and 5-B Condition on admission.
Figs 5-C and 5-D Present condition, ten months later. These films show that no reduction has

occurred, yet this patient’s paraplegia shows signs that a complete recoi erj’ may be e
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T.^LE III

Results

1

Degi'ee of
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l

i

Xo. of
j
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1

'

1

i
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Closed '

1

Open No
Reduction

Complete ! 30

!

5
_

(1 Hj’perextension)
IS 7

Partial
i

^
i

1 2 0

None ' 10 !

i

4

(4 Hj'perextension,
^

1 Successful)

5 1

Totals 43
1

10
1

25 s

one ’tt'ill probablj* make a complete, oi- almost complete, recovery. This patient sustained

a fracture-dislocation between the eleventh and twelfth thoracic vertebrae, with inter-

locking of the articular processes and a complete paraplegia. He was very ill on admission,

and for this reason it was not thought worth while to attempt reduction. Six weeks after

the injury, however, signs of motor recovery in both lower limbs were noted, followed by

some control of the sphincters after three months. He was walking within three months

of his injury; now, ten months later, he is at a Rehabilitation Center, and it is anticipated

that he wili make an almost complete functional recovery. This case would seem to indi-

cate that the possibility of recovery in a complete paraplegia does not depend upon the

reduction, whether open or closed, but upon the initial degree of injurj^ to the spinal cord.

This is still presumably stretched and attenuated, yet recovery is occurring (Figs. 5-A,

o-B, 5-C, and 5-D).

Sigus of Recovery

The estimation of signs of neurological recovery in completely paraplegic patients is

always a matter of great difficulty in the early stages. Unless approached in a very critical

fashion, fallacious signs of recovery may be recorded. 'Patients will, for instance, move the

foot b}'* dragging and pushing a paraplegic limb, if the heel is not supported clear of the

mattress. The patient is alwa3's anxious to please, and, unless questioned carefully, will

admit sensation which is not really felt.

The earliest signs of recovery have been recorded as occurring immediately after

reduction in some instances; in others, as late as three months after reduction. Sensation

seems to be recovered earlier than muscle power. The early appearance of recovery seems

‘to be no indication of the eventual prognosis] in the patients showing almost complete

recovery, the first signs were noted as early as four hours after reduction or as late as

^HtlioU'Th treated by immobilization in plaster for a period of about four to six months,

<.everal of those patients in whom complete reduction has been performed have, m the

I-ecent survey, been found to have redislocations (Figs. 3-A to 3-F and 4-A to 4-p

.

Redimlacement does not necessarily mean a painful back, however. Indeed, tins ha.

been followed in all instances by spontaneous bony fusion between the two affected voite-

brae and the functional result has been excellent. Furthermore, there has been no evidence

that redislocation has been followed by further signs of nein-e damage.

^'"’’Tn'two "cases, a most interesting complication was observed^ This

^
occificans in the pelvifemoral muscles around both hip joints (Fig..

“UVS^tances about six n.onths attes the accident. T e

::use ti-eSSi both patients noticed an increasing resistance to pascve .novc^ents aUhc

t/vttrv'at. or BOXE AXD JOIVT



1118 INDEX TO VOLUME 29

PAGE
American Academy of Orthopaedic Surgeons, The 255, 544 noi
American Board of Orthopaedic Surgery, The 254, 544, 825,’ 1101
American Book Center for War Devastated Libraries, The

American Occupational Therapy Association
2101

American Orthopaedic Association, The 542 4102

^American Orthopaedic Association, The. Presidential Address.] Education and Certification of Ortho-

paedic Surgeons in the United States. J. Albert Key
2

[American Orthopaedic Association, The. President’s Address.] Orthopaedic Surgery and Its Place in

the Department of Surgery in Our Modern Medical Schools. LeRoy C. Abbott 840

[American Orthopaedic Association, The.] Symposium on the Complications of Old Fractures of the

Neck of the Femur and Their Treatment.

Boyd, H. B., and George, I. L I3

Gill, A. Bruce 305

Krida, Arthur 310

Sherman, Marj' S., and Phemister, D. B 19

Smith-Petersen, M. X.; Larson, Carroll B.; Aufranc, Otto E.; and Law, W. Alexander 41

Wilson, Philip D 313

Discussion

Badgley, Carl E 326

Blount, Walter P 822

Colonna, Paul C 327

Platt, Harry 326

[American Orthopaedic Association, The.] Symposium on the Intervertebral Disc.

Barr, Joseph S 129

Davis, .Arthm G 124

Eckert, Charles, and Decker, AEred 447

Inman, Verne T., and Saunders, J. B. deC. M 461

Lenhard, Raymond E 425

Love, J. Grafton 438

Steindler, .Arthur 455

Discussion

HaUock, Halford ^75

Mixter, William Jason

Willis, Theodore .A

Woodliall, Barnes

American Rheumatism Association, The
American Society for Surgery of the Hand
[American Society for Surgery of the Hand.] Presidential Address. Sterling Bunnell

Amputations, Carpometacarpal, A Prosthesis for. Thomas John Canty —
Analysis and Difierentiation of Low-Back Pain in Relation to the Disc Factor, An. [Symposium.]

Ai-thur Steindler

Anatomicophysiological Aspects of Injuries to the Inteiwertebral Disc. [Symposium.] Verne T. Inman

and J. B. deC. M. Saunders

Ankle, Fracture-Dislocation of the, with Fixed Displacement of the Fibula Behind the Tibia. David M.

Bosworth '.

[Ankle.] Osteochondiltis Dissecans of the Talus. R. Beverley Ray and Edward J. Coughlin, Jr. ••••••

[Ankle.] Tibiotarsal Arthrodesis after Astragalectomy. A Report of Eight Cases. J. C. Carmack an

Halford Hallock

Ankylosing Arthritis of the Spine, Correction of Fle.xion Deformity in Five Cases of. Wedge Osteotomy

of the Spine with Bilateral Intervetebral Foraminotomy. Henry Briggs, Sidnej'^ Keats, an

Philip T. Sclilesinger

[Ankylosis.] Arthrodesis of the Hip for Ununited Fractures. [Symposium.] A. Bruce Gill

Ankylosis, .Vertebral, in Tuberculous Spines, The Formation and Significance of. Josd Puig Guri. . . •

Annulus Fibrosus. See Intervertebral Disc, 215
[Anomalies of the Spine.] Pre-Employment Examinations of the Back. Steele F. Stewart

[“Antalgic” Gait.] Functional Aspects of the Abductor Muscles of the Hip. Verne T. Inman •

[Anterior Horn Cells.] The Newer Pathological and Physiological Concepts of Anterior Poliomye 1 is

and Their Clinical Interpretation. Arthur Steindler 2027

[Anterior Horn Cells.] The Peripheral Disease of Poliomyelitis. John F. Pohl •
; • p.CUgj

Anterior Poliomyelitis, The Newer Pathological and Physiological Concepts of, and err 1

Interpretation. Arthur Steindler

THE JOURMAL OF BONE AND JOINT SUB



1128 INDEX TO VOLUME 29

PAGE
Experiences with Epiphyseal Arrest in Correcting Discrepancies in Length of the Lower Extremities

in Infantile Paralysis. A Method of Predicting the Effect. William T. Green and Margaret Ander-

son 659

Experimental Study, A Clinical and. The Evaluation of Cortical and Cancellous Bone as Grafting

Material. LeRoy C. Abbott, Edwin R. Schottstaedt, John B. deC. M. Saunders, and Frederic C.

Bost 381

Experimental Studies upon the Dog, II. The Effect of Roentgen Irradiation on Epiphyseal Growth.

John A. Reidy, James R. Lingley, Edward A. Gall, and Joseph S. Barr 853

Extensor Muscles, Wrist, The Transfer of, to Restore or Reinforce Flexion Power of the Fingers and

Opposition of the Thumb. George S. Phalen and Richard C. Miller 993

External Rotation of the Leg in Poliomyelitis. Samuel C. Yachnin 415

External Rotation of Limbs in Traction, A Method of Offsetting the. Robert M. Rose 535

[Extra-Articular Adhesions.] Ivnee Movement Followdng Fractures of the Femoral Shaft. John

Charnley 679

[Extraperiosteal Sarcoma.] Survival in Bone Sarcoma. Harry Platt 6

Extremities, Lower, Experiences with Epiphyseal Arrest in Correcting Discrepancies in Length of the,

in Infantile Paralysis. A Method of Predicting the Effect. William T. Green and Margaret Ander-

son 659

Extremity Fractiures, Primaiy Aj'terial Injury Complicating. Donald W. Hedrick, F. B. Hawkins,

and C. 0. Townley 738

Extremity, Secondary Changes in the, Certain Roentgenographic Manifestations, and Some Suggestions

for a Program of Therapy. Tuberculosis of the Hip in Children. H. R. McCarroll and R. D. Heath. 889

[Eye.] Roentgenographic Features of Metastases of a Retinoblastoma to the Long Bones. Report of a

Case. Ralph E. Rowen 805

F

Fascia, Popliteal, Ruptui-e of the. Howard R. Dudgeon, Jr

Fascial Repair for Poliomyelitic Paralysis of the Abdominal Wall in Adults. George T. Wallace and

William J. West
[Fatigue Fractures.] March Fractures. A Study with Special Reference to Etiological Factors. James G.

Donald and William T. Fitts, Jr

Femoral Shaft, Kinee Movement Followdng Fractures of the. John Charnley

[Femur.] Aidhi-odesis of the Hip for Ununited Fractures. [Symposium.] A. Bruce Gill

[Femur.] .Arthroplasty of the Hip for Congenital Dislocation in Childi’en. Paul C. Colonna

[Femiu:.] Blade-Plate Fixation. Report of a Case. L-win A. Jaslow

Femur, Complications of Fractures of the Neck of the. [Symposium.] H. B. Boyd and I. L. George.

.

Femur, Complications of Fractme of the Neck of the. The Whitman Reconstruction Operation for.

[Symposium.] .Arthur

Femur, Complications of Old Fractmes of the Neck of the. Results of Treatment by Vitallium-Mold

Arthroplasty. [Symposium.] M. N. Smith-Petersen, Carroll B. Larson, Otto E. Aufranc, and W.

.Alexander Law

522

1031

297

679

305

711

814

13

310

41

[Femur.] Experiences with Epiphyseal Arrest in Correcting Discrepancies in Length of the Lower

Extremities in Infantile Paralysis. A Method of Predicting the Effect. William T. Green and

' Margaret Anderson

Femur, Fractures of the. Oblique Subcervical (Reverse Intertrochanteric). Louis T. Wright

[Femiu:.] Functional Aspects of the Abductor Muscles of the Hip. Verne T. Inman . . . .
.^

Femur, An Improved Rotating Stirrup for Use in the Treatment of Fractures of the, with Skeletal

Traction. Gerald G. Gill
°

Femur, Intertrochanteric Fractm-es of the. A Survey of Treatment in Traction and by Internal Fixa-

tion. Mather Cleveland, David M. Bosworth, and Frederick R. Thompson
[Femur.] A Modification of the Blade-Plate for the Treatment of Intertrochanteric Fractures of the

Hip. Robert Glen Bronson
Femur, Osteosynthesis of Intertrochanteric and Pertrochanteric Fractures of the. Hugo Aronsson . . - •

[Femur.] Painful, Non-Suppm-ative, Localized Sclerosis of the Long Bones. With a Report of Two

Cases. William Mackenzie

Femur, The Pathology of Ununited Fractures of the Neck of the. [Symposium.] Mai-y S. Sherman

and D. B. Phemist'er gyg

Femur, The Posterolateral Approach to the. George H. Marcy

[Femur.] Primary Congenital Subluxation of the Hip. Jacques Leveuf
ggg

[Femiu:.] A- Simple Leg Holder for Hip-Nailing Operations. Edivard Parnall

THE JOURNAL OF BONE AND JOINT SOaGEBY



INDICX TO VOLUMK 20 1119

PAGE

Anterior Tibial Tendon, Traiwijo.sition of tlic, in the Treatment of Rceui'i'cnt Congenital Club-Foot.

George J. Garccau aiul K. 11. Manning

Anteroposterior Diameters of the Fifth launhar and First 8acral Vertebrae, I’lie Significance of the

Difference in. Backward Displacement of Fifth Lumbar Vertebra in Degenerative Disc Disease.

Gilbert H. Fletcher 1019

Apparatus and Appliances

Floor Pad for Foot-Exercising. Maurice II. Herzmark 1098

Improved Rotating Stirrup fiir Use in the TrQatment of Fractures of the Femur with Skeletal

Traction, An. Gerald G. Gill ^31

Improved Skin-Traction Technique for the Fingers, An. Hartwin A. Schulze 222

Miniatuie Galvanic Stimulator, A. James E. Bateman 241

Modification of the Blade-Plate for the 'rreatment of Intertrochanteric Fractures of the Hip, A.

Robert Glen Bronson 537

Modification of the Denis Browne Splint. Michael Bluhm 248

Prosthesis for Carpometacarpal Amputations, A. Thomas John Canty 801

Simple Leg Holder for Hip-Nailing Operations, A. Edward Parnall 536

Sling for Use in Legg-Perthes Disease, A. Clarence H. Snyder 524

Slotted Jaw Forceps for Bone-Plating. S. Perry Rogers 1100

Treatment of Fractures of the Femur in a Field Hospital, The. Ivar Alvik 422

Apposing Massive Grafts from the Affected Bone, Reconstruction of Defects of the Tibia and Femur

\vith. John J. Flanagan and Henry S. Burem 587

Appraisal, Preliminary, of Army Results. (Discussion: Symposium on the Intervertebral Disc.) Barnes

Woodhall 474

Approach, The Posterolateral, to the Femur'. George H. Marcy 676

[Arm Amputations.] A Prosthesis for Carpometacarpal Amputations. Thomas John Canty 801

[Ann.] Ar-tlu'oplasty of the Elbow by Replacement of the Distal Portion of the Humerus with an

Acrylic Prosthesis. Richard H. Mellen and George S. Phalen 348

[Arm.] Humerus Varus Following Birth Injury to the Proximal Humeral Epiphysis. Leo S. Lucas and
Joseph H. Gill 367

[Arm.] The Repair of Defects of the Radius with Fibular Bone Grafts. Richard C. Miller and George S.

Phalen 629
Army Institute of Pathology, .A Study of Thirty-two Specimens Registered at the. During the War-Time

Period, 1941-1945. Malignant Neoplasms Originating in Synovial Tissues (Synoviomata). Gran-
ville A. Bennett 259

Arrest, Epiphyseal, Experiences with, in Correcting Discrepancies in Length of the Lower Extremi-
ties in Infantile Paralysis. A Method of Predicting the Effect. William T. Green and Margaret
Anderson 659

[Arrest of Epiphyseal Growth.] Unclassified Premature Cessation of Epiphyseal Growth about the
Knee Joint. Otto C. Kestler 788

Arterial Injury, Primary, Complicating Extremity Fractures. Donald W. Hedrick, F. B. Hawkins, and
C. 0. To^vnley 738

[Arthritic Changes following Bony Union.] Complications of Fractures of the Neck of the Femur.
[Symposium.] H. B. Boyd and I. L. George 13

Arthritis, Ankylosing, of the Spine, Correction of Flexion Deformity in Five Cases of. Wedge Osteotomy
of the Spine with Bilateral Intervertebral Foraminotomy. Henry Briggs, Sidney Keats, and Philip
T . Schlesinger 1075

Arthritis, Degenerative, Arthrodesis of the Hip Joint in. A Modified One-Stage Procedure with In-
ternal Fixation. James A. Dickson and Leon J. Willien 687

[Arthritis, Degenerative.] The Pathology of Ununited Fractures of the Neck of the Femur. [Sym-
posium.] Mary S. Sherman and D. B. Phemister 19

[Arthritis, Traumatic.] The Treatment of Injuries to the Tarsal Navicular. A. Jackson Day 359
Arthrodesis of the Elbow. A Preliminary Report of a New Operation. Moses Gellman 850
Arthrodesis of the Hip Joint in Degenerative Arthritis. A Modified One-Stage Procedure with Internal

Fixation. James A. Dickson and Leon J. Willien 587
Arthrodesis of the Hip for Ununited Fractures. [Symposium.] A. Bruce Gill 305
[Arthrodesis.] Immobilization with Bone Grafts in the Treatment of Tuberculosis of the Joints and

Pott s Disease. Etienne Sorrel and Madame Sorrel-Dejerine 503
Arthrodesis, Tibiotarsal, after Astragalectomy. A Report of Eight Cases. J. C. Carmack and Halford

Hallock

[Arthrodesis.] The Ti-eatment of Injuries to the Tarsal Navicular. A. Jackson Day 359
' on. 29, NO. 4, OCTOBER 1947



INDHX TO VOIAIiMIi 29 1129

PAGE

Femur, Symposium on the Complications of Old Fractures of tlic Neck of the, and Their Treatment.

[The .Vmerican Orthopaedic Association.]

Boyd, II. B., and George, 1. L 13

Gill, A. Bruce 305

lu'ida, iVi’thur 310

Sherman, Mary S., and Bhemister, D. B 19

Sinith-Petorsen, M. N.
;
Larson, Carroll B.; Aufranc, Otto E.; and Law, W. Ale.xander 41

Wilson, Philip D 313

Discussion

Badgley, Carl E 326

Blount, Walter P. , 822

Colonna, Paul C 327

Platt, Harry 326

Femur, Tibia and, Reconstmetion of Defects of the, with Apposing Massive Grafts from the Affected

Bone. John J. Flanagan and Henry S. Burem 587

Femur, The Treatment of Fractures of the, in a Field Hospital. Ivar Alvik 422

Femur, Trochanteric Artlu-ophisty in the Treatment of ITnunited Fractm'es of the Neck of the.

[Symposium.] Philip D. Wilson 313

[Femur.] Unclassified Premature Cessation of Epiphyseal Growth about the ICnee Joint. Otto C.

Kestler 788
Femur, Ununited Fractures of the Neck of the. The High Geometric Osteotomy, with Rotation and

Bone Graft, for. A Preliminary Report. James A. Dickson 1005

Fibrocartilage, Intervertebral. See Intervertebral Disc.

Fibrodystrophy, Muscle. A Syndi-ome Causing Chronic Physical Disability. Robert Bingham . 85
Fibrous Union, Treatment of Ununited Fractures by Onlay Bone Grafts without Screw or Tie Fixation

and Mthout Breaking down of the. Dallas B. Phemister 946
Fibula Behind the Tibia, Fracture-Dislocation of the Ankle with Fixed Displacement of the. David M.

Bosworth 130
[Fibula.] Unclassified Premature Cessation of Epiphyseal Growth about the Knee Joint. Otto C.

Kestler 788
Fibular Bone Grafts, The Repair of Defects of the Radius with. Richard C. Miller and George S. Phalen 629
Fifth Lumbar Vertebra, Backward Displacement of, in Degenerative Disc Disease. The Significance of

the Difference in Anteroposterior Diameters of the Fifth Lumbar and First Sacral Vertebrae.

Gilbert H. Fletcher 1019
Fingers, Flexion Power of the, and Opposition of the Thumb, The Transfer of Wrist Extensor Muscles

to Restore or Reinforce. George S. Phalen and Richard C. Miller 993
Fingers, An Improved Skin-Traction Technique for the. Hartwin A. Schulze 222
Finger, Index, Calcareous Deposits in Soft Tissues about the Proximal Interphalangeal Joint of the.

Report of a Case. Anthony DePalma 808
[Fingers.] Metacarpal Reconstruction. J. William Littler 723
[Fingers.] Mobilization of Metacarpophalangeal Joints. Ai'throplasty and Capsulotomy. Samuel

Benjamin Fowler 193
Finger and Thumb, Flexor-Tendon Grafts to the. Walter C. Graham 553
Fingers, Ti-ansposition of, in Severe Injuries of the Hand. Walter C. Graham, J. Barrett Brown,

Bradford Cannon, and Daniel C. Riordan 998
First European Rheumatology Congress, The 823
First Sacral Vertebrae, Fifth Lumbar and. The Significance of the Difference in Anteroposterior

Diameters of the. Backward Displacement of Fifth Lumbar Vertebra in Degenerative Disc
Disease. Gilbert H. Fletcher 1019

Fixation, Blade-Plate. Report of a Case. Irwin A. Jaslow 814
Ration of Bones by Plates and Screws. Leonard T. Peterson 335
rxation. Internal, of Bone and Neurorrhaphy. Combined Lesions of Radial Nerves and Humerus Frac-

tui’es. William K. Massie and Arthur Ecker 977
ixation. Internal, A Survey of Treatment in Traction and by. Intertrochanteric Fractures of the

Femur. Mather Cleveland, David M. Bosworth, and Frederick R. Thompson 1049
L at-Foot.] Floor Pad for Foot-Exercising. Maurice H. Herzmark 1098
exion Deformity in Five Cases of Ankylosing Arthritis of the Spine, Correction of. Wedge Osteotomy

of the Spine with Bilateral Intervertebral Foraminotomy. Henry Briggs, Sidney Keats, and
Philip T. Schlesinger 1075

Flexion Power of the Fingers and Opposition of the Thumb, The Transfer of Wrist Extensor Muscles
to Restore or Reinforce. George S. Phalen and Richard C. Miller 993

'on. 29. >fo. 4 OCTOBER 1947



1120 INDEX TO VOLUME 29

[Arthrodesis.] Tuberculosis of the Hip in ChilcLren. Certain Roentgenographic Manifestations, Second-

ary Changes in the Extremity, and Some Suggestions for a Program of Therapy. H. R. McCarroll

and R. D. Heath

Arthroplasty and Capsulotomy. Mobilization of Metacarpophalangeal Joints. Samuel Benjamin Fowler

Arthroplasty of the Elbow by Replacement of the Distal Portion of the Humerus with an Acrylic Pros-

thesis. Richard H. Mellen and George S. Phalen

Arthroplasty of the Hip for Congenital Dislocation in Childi'en. Paul C. Colonna

Arthroplasty, Trochanteric, in the Treatment of Ununited Fractures of the Neck of the Femur. [Sym-

posium.] Philip D. Wilson

Arthroplasty, Vitallium-Mold, Results of Treatment by. Complications of Old Fractures of the Neck

of the Femur. [Symposium.] M. N. Smith-Petersen, Carroll B. Larson, Otto E. Aufranc, and

W. Alexander Law
[Arthiotomy of the Ankle.] Osteochondidtis Dissecans of the Talus. R. Beverley Ray and Edward J.

Coughlin, Jr ;

[Articular Cartilage, Changes in.] The Effect of Irradiation on Epiphyseal Growth. II. Experimental

Studies upon the Dog. John A. Reidy, James R. Lingley, Edward A. Gall, and Joseph S. Barr.

[Articular Fusion.] Fusion of the Hip in Children. The Chandler Method. Charles N. Pease

Artificial Limbs, Committee on, of the National Research Council, The Functions and Activities of the.

A Preliminary Report. Paul E. IClopsteg

[Aseptic Necrosis.] Complications of Fractures of the Neck of the Femur. [Symposium.] H. B. Boyd

and I. L. George

[Aseptic Necrosis.] Complications of Old Fractiu’es of the Neck of the Femur. Results of Treatment

by Vitallium-Mold Artlu-oplasty. [Symposium.] M. N. Smith-Petersen, Carroll B. Larson, Otto E.

Aufranc, and W. Alexander Law
[Aseptic Necrosis.] The Pathology of Ununited Fractures of the Neck of the Femur. [Symposium.]

Mary S, Sherman and D. B. Phemister

Aspects of Osteoid Osteoma, Some Surgical. George T. Wallace

Astragalectomy, Tibiotarsal .Mtluodesis after. A Report of Eiglit Cases. J. C. Carmack and Halford

Hallock

[Astragalus.] Osteochondi-itis Dissecans of the Talus. R. Beverley Ray and Edward J. Coughlin, Jr.

Autonomic Control of Synovial-Fluid Reaction. C. I. Reed, Herman Joffe, and Norman R. Joseph.

.

[Avulsion, Epiphyseal.] Ununited Epiphysis of the Ischium. Report of a Case, Harry Winkler and

Ira H. Rapp

P.\GE

889

193

348

711

313

41

697

853

874

538

13

41

19

777

476

697

370

234

'.Back. See Spine.

.Vq .a
] Backward Displacement of Fifth Lumbar Vertebra in Degenerative Disc Disease. The

Significance of the Difference in .Anteroposterior Diameters of the Fifth Lumbar and Fhst Sacral

Vertebrae. Gilbert H. Fletcher

[Backache.] Observations on Obscure Mechanisms of Nerve-Root Compression with a Diagnostic Tap

Test. Report of Two Cases. Flenry Briggs and Sidney Keats
^

[Backache, Types of.] Pre-Employment Examinations of the Back. Steele F. Steward

Back, Low-, Pain in Relation to the Disc Factor, .An .Analysis and Differentiation of. [Symposium.]

.Arthur Steindler

Back, Low-, Pain With or Without Sciatica, The Disc Factor in. [Symposium.] J. Grafton Love. ... -13

Back, Low-, Pain and Sciatic Pain .Associated with Spondylolisthesis, Operative Ti'eatment for the

Relief of. Laminectomy and Foraminotomy with Chip Fusion. Henry Briggs and Sidney Keats.

.

Back, Pre-Employment Examinations of the. Steele F. Stewart •

Backward Displacement of Fifth Lumbar Vertebra in Degenerative Disc Disease. The Significance o

the Difference in Anteroposterior Diameters of the Fifth Lumbar and First Sacral Vertebrae.

Gilbert H. Fletcher

[Bacteriaemia.] Osteomyelitis Caused by Salmonella typhimurium. Ruth F. lUauss. .
•

•

[Bacteriaemia.] Salmonella Infection Involving the Knee Joint, Report of a Case. Theodore H. Vin 'C

and Harold F. Dooming ' j

'

[Bankart’s Operation.] Diagnosis and Treatment of Recurrent Dislocation of the Shoulder. Ross o

ertson and W. J. Stark V
Bankart Operation for Recurrent Dislocation of the Shoulder, .An Instrument for Use in the. eorge .

Reiss ' -

1101
Baruch Committee on Physical Medicine 753

Bennett’s Fracture, Old Unreduced, .An Operation for. John R. Vasko

THE JOURHAI. OF BO.VE AND JOINT SORGEHV



1130 INDEX TO VOLUME 29

Flexor-Tendon Grafts to the Finger and Thumb. Walter C. Graham
Floor Pad for Foot-Exercising. Maurice H. Herzmark

jQgg
Fluid, Synovial-, Reaction, Autonomic Control of. C. I. Reed, Herman Joffe, and Norman R. Joseph. 370
[Foetal Rickets.] Chondrodystrophia Calcificans Congenita. Report of Two Cases. Theodore H.

Vmke and F. Paul Duffy 5Q9

Foot-Exercising, Floor Pad for. Maurice H. Herzmark jggg

[Foot.] Chondi'odystrophia Calcificans Congenita. Report of Two Cases. Theodore H. Vinke and

F. Paul Duffy 509

[Foot.] March Fractures. A Study with Special Reference to Etiological Factors. James G. Donald and

William T. Fitts, Jr 297

[Foot.] Painful Interdigital Clavus (Soft Corn). Treatment by Skin-Plastic Operation. Edward J.

Haboush and Robert V. Martin 750

[Foot.] Tibiotarsal Arthrodesis after Astragalectomy. A Report of Eight Cases. J. C. Carmack and

Halford Hallock 476

[Foot.] Transposition of the Anterior Tibial Tendon in the Treatment of Recurrent Congenital Cluh-

Foot. George J. Garceau and K. R. Manning 1044

[Foot.] The Treatment of Injuries to the Tarsal Navicular. A. Jackson Daj'^ 359

[Foot Plate.] Modification of the Denis Browne Splint. Michael Bluhm 248

[Foramen Pressure on Nerve Root.] Observations on Obscure Mechanisms of Nerve-Root Compres-

sion with a Diagnostic Tap Test. Report of Two Cases. Henry Briggs and Sidney Keats 758

Foraminotomy, Bilateral Intervertebral, Wedge Osteotomy of the Spine with. Correction of Flexion

Deformity in Five Cases of Afikylosing Aj'tlu-itis of the Spine. Henry Briggs, Sidney Keats, and

Philip T. Schlesinger 1075

Foraminotomy, Laminectomy and, with Chip Fusion. Operative Treatment for the Relief of Low-Back

Pain and Sciatic Pain Associated with Spondylolisthesis. Henry Briggs and Sidney Keats 328

Forceps, Slotted Jaw, for Bone-Plating. S. Perry Rogers 1100

Formation and Significance of Vertebral .Ankylosis in Tuberculous Spines, The. J;ose Puig Guri 136

Four Generations, Case Report with History of. Congenital Dislocation of the Patella. E. B. Mumford. 1083

Fracture, Bennett's, Old Fnreduced, .An Operation for. John R. Vasko ; 753

[Fractures.] Bone Grafts. .An End-Result Study of the Healing Time. W. .A. Bishop, Jr., Richard C.

Stauffer, and .Alvin L. Swenson 961

Fractures, Compound, Secondary Closure of Wounds .Associated with. James 0. Barr 376

Fracture-Dislocation of the .Ankle with Fixed Displacement of the Fibula Behind the Tibia. David M.

Bosworth 130

Fracture-Dislocation of the Thoracolumbar Spine. With Special Reference to Reduction by Open and

Closed Operations. J, Kenneth Stanger

[Fracture-Dislocation.] The Treatment of Injuries to the Tarsal Navicular. .A. Jackson Day .......

'ractures. Extremity, Primaiy .Ar terial Injury Complicating. Donald W. Hedrick, F. B. Hawkins, and

C. O.

Fractures of the Femoral Shaft, Knee Movement Following. John Charnley
Fractures of the Femur in a Field Hospital, The Treatment of. Ivar .Alvik

Fractures of the Femur, .An Improved Rotating Stirrup for Use in the Treatment of, with Skeletal

Traction. Gerald G. Gill

Fractures of the Femur, Intertrochanteric and Pertrochanteric, Osteosjmthesis of. Hugo .Aronsson.

.

Fractures of the Femur, Oblique Subcervical (Reverse Intertrochanteric). Louis T. Wright

[Fracttire Fixation.] Blade-Plate Fi.xation. Report of a Case. Irwin .A. Jaslow

Fractures, Humerus, Combined Lesions of Radial Nerves and. Internal Fixation of Bone and

Nem'orrhaphy. William K. Massie and .Arthur Ecker
'

Fractures, Intertrochanteric, of the Femur. A Survey of Treatment in Traction and by Internal Fixa-

tion. Mather Cleveland, David M. Bosworth, and Frederick R. Thompson ^

Fractures, Intertrochanteric, of the Hip, .A Modification of the Blade-Plate for the Treatment of.

Robert Glen Bronson

[Fractures.] The “Latch” Graft; A Combination of Inlay and Intramedullary Graft IVliich Is Self-

Retaining. Peter-Cyrus Rizzo and Otto Lehmann
H

Fractures, March. A Study with Special Reference to Etiological Factors. James G. Donald an

William T. Fitts, Jr

[Fractures.] Metacarpal Reconstruction. J. William Littler

Fractures of the Neck of the Femur, Complications of. [Symposium.] H. B. Boyd and I. L- George.

.

Fracture of the Neck of the Femur, The Whitman Reconstruction Operation for Complications 0 .

[Symposium.] Arthur
a « 1 1 e

[Fractures, Oblique.] .An Improved Skin-Traction Technique for the Fingers. Hartwin . . c u z

the joubmal of bone and joint surgeb



INDKX TO VOLUMK 29 1121

PAGE

Bilateral Intervertebral Foraminotomy, Woilgc Osteotomy of the Spine with. Correction of Flexion

Deformity in Five ('uses of Ankylosing Arthritis of tlie Spine. Henry Briggs, Sidney Keats, and

Philip 1'. Si'hlesinger

Birth Injury to the Proximal Humeral Epiphysis, Humerus Varus Following. Leo S. Lucas and Jo.seph

H. Gill

Blade-Plate Fixation. Hejrort of a Case. Irwin A. Jaslow 814

Blade-Plate for the 'Preatment of Intertrochanteric Fractures of the Hip, A Modification of the.

Robert Glen Bronson

Blue, Trypan, .\bsorption of, from the Human Knee .Joint. 11. L. dcC. H. Saunders and E. Gordon

Young

Bone Bank, A Preliminary Report on the. The Use of Homogenous Bone Grafts. Leonard F. Bush , . . 620

Bone, Calcified Medullary Defeets in. .Mbert Barnett Ferguson, Jr 598

Bone Cavities, The Use of Absorbable Substances to Oblitci'atc, and as Hemostatic Agents in Operative

Procedures on Bones and Joints. Joseph Buebman and John E. Blair 650

Bone, Cortical and Cancellous, as Grafting Material, T'he Evaluation of. A Clinical and Experimental

Study. LeRoy C. Abbott, Edwin 11. Sebottstaedt, John B. deC. M. Saunders, and Frederic C.

Bost 381

Bone, Cnjptocaccus neofannaiia Infection (Toi'ulosis) of. Report of a Case. CJaran H. Jesse 810

Bones, Fixation of, by Plates and Screws. Leonard T. Peterson 335

[Bone Graft.]] .\i-throdesis of the Elbow. A Preliminary Report of a New Operation. Moses Gellman . . 850

Bone Grafts. An End-Result Study of the Healing Time. W. A. Bishop, Jr., Richard C. Stauffer, and

Alvin L. Swenson 961

Bone Grafts, Fibular, The Repair of Defects of tlie Radius with. Richard C. Miller and George S.

Phalen 629

Bone Grafts, Homogenous, The Use of. A Preliminary Report on the Bone Bank. Leonard F. Bush. . 620

Bone Grafts, Immobilization with, in the Treatment of Tuberculosis of the Joints and Pott’s Disease,

Etienne Sorrel and Madame Sorrel-Dejerine .' 603

Bone Grafts, Onlay, without Screw or Tie Fixation and without Brealdng down of the Fibrous Union,

Treatment of Ununited Fractures by. Dallas B. Phemister 946

Bone Graft, Rotation and, for Ununited Fractures of the Neck of the Femur, The High Geometric ,

Osteotomy, with. A Preliminary Report. James A. Dickson 1005

[Bone Graft.]] Tuberculosis of the Hip in Children. Certain Roentgenographic Manifestations, Second-
ary Changes in the Extremity, and Some Suggestions for a Program of Therapy. H. R. McCarroll
and R. D. Heath 889

[Bone-Grafting.]] The Evaluation of Cortical and Cancellous Bone as Grafting Material. A Clinical

and Experimental Study. LeRoy C. Abbott, Edwin R. Schottstaedt, John B. deC. M. Saunders,
and Frederic C. Bost 381

[Bone-Grafting.]] Intramedullary Onlay Grafts for Defects Resulting from Shattering Fractures.
Frank G. Murphy 1068

[Bone-Grafting.] The “Latch” Graft: A Combination of Inlay and Intramedullary Graft Which Is
Self-Retaining. Peter-Cyrus Rizzo and Otto Lehmann 354

[Bone-Grafting.] Metacarpal Reconstruction. J. William Littler 723
Bone, Growth of, Organizers and the. Pierre Lacroix 292
[Bone Growth.] Vitamin-A Deficiency and Excess in Relation to Skeletal Growth. S. Burt Wolbach. . 171
Bone, Internal Fixation of, and Neurorrhaphy. Combined Lesions of Radial Nerves and Humerus

Fractures. William K. Massie and Arthur Eeker 977
Bone, Long-, Deformities, A Method for Correcting. Osteotomy-Osteoclasis. John Royal Moore. ... 119
Bones, Long, Painful, Non-Suppurative, Localized Sclerosis of the. With a Report of Two Cases.

William Mackenzie 4q
Bones, Long, Pseudarthrosis of the. Isidore Blumenfeld 97
Bones, Long, Roentgenographic Features of Metastases of a Retinoblastoma to the. Report of a Case.

Ralph E. Rowen gQg
Bone-Plating, Slotted Jaw Forceps for. S. Perry Rogers 1100
Bone, Reconstruction of Defects of the Tibia and Femur with Apposing Massive Graft-s from the Af-

fected. John J. Flanagan and Henry S. Bm-em 537Bone Sarcoma, Survival in. Harry Platt ^ ^ c
Book Reviews

Miderson, Odin W.
; Dollar, Alelvin L.

; and Sinai, Nathan. Health Insurance in the United States. 1 109
- ppleton, A. B.; Hamilton, W. J.; and Simon, G. Surface and Radiological Anatomy for Students

and General Practitioners. Ed. 2

von. 29, NO. 4. OCTOBER 1947

VC'.WVS-'.'*.



INDKX TO VOLUMK 29 1131

PAGE

• Fractures, Old, of llio Nook of tlic Fcniiir, Conii)lit'atioi).s of. llc.siilts of Trcatiiiciit by Vitalliuiri-Mold

.Vi'tliropliisty. [Sym])o.siiiin.3 1^1- N. I’olei'KOii-,Smith, (laiToll B. Larson, Otto E. Aufranc, and W.

.Uexaiuler Law 41

Fractures, Old, of the Nock of the Femur and Their Treatment, Sympo.sium on the Complications of.

[The American Orthopaedic .Vssociation.]

Boyd, H. B., and George, I. L 13

Gill, A.. Bruce 305

luida, .\vtlmr 310

Sherman, Mary S., and Bhemiater, D. B 19

Smith-Petersen, M. N.; lair.son, Carroll B.; Aufranc, Otto E.
;
and Law, W. .\lcxandcr 41

Wilson, Philip D 313

Discussion

Badgley, Carl E 326

Blount, Walter P 822

Colonna, Paul C 327

Platt, Hariy 326

[Fractures.] Pseudartlu-osis of the Long Bones. Isidoro Blumcnfeld 97

[Fractures.] Reconstruction of Defects of the Tibia and Femur with .\pposing Massive Gj'afts from the

Affected Bone. John J. Flanagan and Heni-y S. Burem . 587

[Fractures.] The Repair of Defects of the Radius with Fibular Bone Grafts. Richard C. Miller and

George S. Phalen 629

Fractures, Shattering, Intramedullary Onlay Grafts for Defects Resulting from. Frank G. Murphy. . 1068

Fractures, Treatment of Ununited, bj' Onlay Bone Grafts without Screw or Tie Fixation and without

Breaking domi of the Fibrous Union. Dallas B. Phemistcr 946

Fractures, TJnunited, Ai'tlu'odesis of the Hip for. [Symposium.] A. Bruce Gill 305

[Fractures, Ununited.] The Evaluation of Cortical and Cancellous Bone as Grafting Material. A
Clinical and Experimental Study. LeRoy C. Abbott, Edwin R. Schottstaedt, John B. deC. M.
Saunders, and Frederic C. Bost 381

Fractures, Ununited, of the Neck of the Femur, The High Geometric Osteotomy, with Rotation and
Bone Graft, for. A Preliminary Report. James A. Dickson 1005

Fractures, Ununited, of the Neck of the Femur, The Pathology of. [Symposium.] Mary S. Sherman
and D. B. Phemister 19

Fractures, Ummited, of the Neck of the Femur, Trochanteric Arthroplasty in the Treatment of. [Sym-
posium.] Philip D, Wilson 313

Functional Aspects of the Abductor Muscles of the Hip. Verne T. Inman 607
Functions and Activities of the Committee on Artificial Limbs of the National Research Council,

The. A Preliminary Report. Paul E. Klopsteg 538
[Fusion.] ArtVu’odesis of the Elbow. A Preliminary Report of a New Operation. Moses Gellman .... 850
Fusion, Chip, Laminectomy and Foraminotomy with. Operative Treatment for the Relief of Low-Back

Pain and Sciatic Pain Associated with Spondylolisthesis. Henry Briggs and Sidney Keats 328
[Fusion, Hip.] Arthrodesis of the Hip Joint in Degenerative Arthritis. A Modified One-Stage Pro-

cedure with Internal Fixation. James A. Dickson and Leon J. Willien 687
Fusion of the Hip in Children. The Chandler Method. Charles N. Pease 874
[Fusion, Spine.] An Analysis and Differentiation of Low-Back Pain in Relation to the Disc Factor.

[Symposium.] Arthur Steindler 455
[Fusion, Spine.] The Disc Factor in Low-Back Pain With or Without Sciatica. [Symposium.] J.

Grafton Love 438
fusion. Spine.] Ruptured Intervertebral Disc and Sciatic Pain. [Symposium.] Joseph S. Barr .... 429
[Fusion, Spine.] The Use of Parallel Grafts and of Two-Stage and Three-Stage Interlocking Grafts in

the Treatment of Idiopathic Scoliosis. End Results in Forty-one Cases. Tom Outland and Oscar
Corn 163

L usion.] Tibiotarsal Artlirodesis after .Astragalectomy. A Report of Eight Cases. J. C. Carmack and
Halford Hallock 476

L usion.] The Use of Homogenous Bone Grafts. A Preliminary Report on the Bone Bank. Leonard F.
Bush 620

G

Definition of Human Locomotion on the Basis of Measurement. With Description of
Oscillographic Method. R. Plato Schwartz and Arthur L. Heath 203
vanic Stimulator, A Miniature. James E. Bateman 241

' i. OCTOBER 1947



1122 INDEX TO VOLUME 29

Book Reviews {continued)

Bancroft, Frederic W., and Humphreys, George H., II, Editors. Surgical Treatment of the Soft

Tissues 55 J

Berg, Roland H. The Challenge of Polio. The Crusade Against Infantile Paralysis S37
Bohler, Lorenz. Die Technik der IHiochenbruchbehandlung im Frieden und im Kriege. Ed. 11,

5 bis 8 Auflage, Band III, Die Marknagelung nach Kiintscher 837
Brocher, J. E. W. Die Scheuermannsche IH-ankheit und ihre Differentialdiagnose (Scheuermann’s

Disease and Its Differential Diagnosis) 836

Committee on Medicine and the Changing Order, New York Academy of Medicine. Medical

Addenda. Related Essays on Medicine and the Changing Order 1110

Committee on Medicine and the Changing order. New York Academy of Medicine. Medicine in

the Changing Order 837

Daniels, Lucille; Williams, Marian; and Worthingham, Catherine. Muscle Testing. Techniques

of Manual Examination 836

Demel, Rudolf. Chhm’gie der Infektionen. Mit Weitgehender BeriicksichtigungderBehandlung. 1109

Dollar, Melvin L.
;
Sinai, Nathan; and Anderson, Odin W. Health Insurance in the United States. 1109

Drobil, Rudolf. Die aktive Bewegungstherapie. Ein Leitfaden zur Nachbehandlung von Knochen-

und Gelenksverletzungen 835

Elman, Robert. Parenteral Alimentation in Surgery with Special Reference to Proteins and Amino

Acids . . 835

Fleming, Alexander, Editor. Penicillin. Its Practical Application 550

Frantz, Virginia Kneeland, and Harvey, Harold Dortic. Introduction to Surgerj’^ 551

Goni, Adelberto R. (Ti-anslated by Geoi'gianna Simmons Gittinger). Myasthenia Gravis 552

Hamilton, W. J.
;
Simon, G.

;
and Appleton, A. B. Surface and Radiological Anatomy for Students

and General Practitioners. Ed. 2 1110

Handfield-Jones, R. M. Surger3' of the Hand. Ed. 2 DOS

Harvey, Harold Dortic, and Frantz, Virginia Kneeland. Introduction to Surgery 551

Holzer, Wolfgang. Physikalische Medizin in Diagnostik und Therapie (Physical Medicine in Diag-

nosis and Treatment). 5 und 6 Auflage 1109

. Humplu-eys, Geoige H., II, and Bancroft, Frederic W., Editors. Surgical Treatment of the Soft

Tissues 551

&acke, Roy R. Color .Vtlas of Hematology. With Brief Clinical Descriptions of Various Diseases.

.

Kromer, Karl. Die verletzte Hand. Erkennung, Behandlung und Behandlungsergebnisse der Fin-

ger- und Handveiietzungen und Infektionen (The Injured Hand)
Le ^'ay, David. A Sjmopsis of Orthopaedic Surgerj-

jMaitorell, F. \ccidentes vasculares de los miembros (Vascular Damage to the Extremities). Ed. 2

jMartorell, F. Varices. Su tratamiento basado en la flebograffa (The Use of Phlebogi’aphy in the

Diagnosis and Treatment of Varices)

Milch, Hemw. Osteotomj^ of the Long Bones
Ottolenghi, Carlos E. Traccidn esqueletica (Skeletal Traction)
Paintei', Charles F., Editor. The 1946 Year Book of Industrial and Orthopedic Sui’gery

Pitkin, George P. Conduction Anesthesia
Quhing, Daniel P. The Head, Neck and Trunk. Muscles and Motor Points

Short, A. Rendle, and Tidjq Heniy, Editoi's. The Medical Annual. A Year Book of Ti'eatment and

Practitioner’s Index

834

832

834

551

836

1108

833

833

550

837

552

Simon, G.
; .Appleton, A. B.

;
and Hamilton, W. .1. Surface and Radiological Anatomy for Students

and General Practitioners. Ed. 2
Sinai, Nathan; Anderson, Odin W.; and Dollar, Melvin L. Health Insm-ance in the United States.

Smillie, I. S. Injmdes of the Knee Joint

Soeur, R. L’osteosynthfee au clou (Osteosynthesis by^ Pinning)

Stuck, Walter Goodloe, and Venable, Charles Scott. The Internal Fi.xation of Fractures

Tidy, Henry, and Short, A. Rendle, Editors. The Medical Annual. A Year Book of Treatment

and Practitioner’s Index

Venable, Charles Scott, and Stuck, Walter Goodloe. The Internal Fixation of Fractures

Watldns, Arthur L., Editor. Physical Medicine in General Practice

Weinbren, M. A Manual of Tomography
Williams, Marian; Worthingham, Catherine; and Daniels, Lucille. Muscle Testing. Techniques of

Manual Examination

Wittmoser, Raimund. Die Reverdin-Plastik ,

Worthingham, Catherine; Daniels, Lucille; and Williams, Mai-ian. Muscle Testing. Techniques o

Manual Examination

THE JOURNAL OF BONE AND JOINT SORGEBY



1132 INDEX TO VOLUME 29

PAGE
[Gauze, Absorbable.] The Use of Absorbable Substances to Obliterate Bone Cavities and as Hemostatic

Agents in Operative Procedures on Bones and Joints. Joseph Buchman and John E. Blair. 650
Genu Recurvatum, Paralytic, Operative Treatment of. Clarence H. Heyman
[Genu Valgum.] Renal Rickets. Report of a Case. J. L. Richardson 503

Geometric Osteotomy, The High, with Rotation and Bone Graft, for Ununited Fractures of the Neck
of the Femur. A Preliminary Report. James A. Dickson 2005

German Orthopaedic Meeting 2206

Giant-Cell Tumor, Subperiosteal. Report of a Case. John T. Hodgen and Charles H. Frantz 781

[Glutaeus Medius Limp.] Functional Aspects of the Abductor Muscles of the Hip. Verne T. Inman.
. . 607

Grafts, Apposing Massive, from the Affected Bone, Reconstruction of Defects of the Tibia and Femur
with. Jolm J. Flanagan and Henry S. Burem 587

[Graft, Bone.] Ai-thi-odesis of the Elbow. A Preliminary Report of a New Operation. Moses Gellman. 850

Grafts, Bone. .An End-Result Study of the Healing Time. W. A. Bishop, Jr., Richard C. Stauffer, and

.“Vlvin L. Swenson 961

Grafts, Bone, Fibular, The Repair of Defects of the Radius with. Richard C. Miller and George S.

Phalen '. 629

Grafts, Bone, Homogenous, Tire Use of. A Preliminary Report on the Bone Bank. Leonard F. Bush. 620

Grafts, Bone, Immobilization with, in the Treatment of Tuberculosis of the Joints and Pott’s Disease.

Etienne Sorrel and Madame Sorrel-Dejerine 603

Graft, Bone, for Ununited Fractures of the Neck of the Femur, The High Geometric Osteotomy, with

Rotation and. A Preliminary Report. James A. Dickson 1005

Grafts, Flexor-Tendon, to the Finger and Thumb. Walter C. Graham 553

Grafts, Intramedullary Onlay, for Defects Resulting from Shattering Fractures. Frank G. Murphy. . 1068

Graft, The “Latch”; Combination of Inlay and Intramedullary Graft Which Is Self-Retaining.

Peter-Cyi’us Rizzo and Otto Lehmann 354

Grafts, Onlay Bone, without Screw or Tie Fixation and without Breaking down of the Fibrous Union,

Treatment of Ununited Fractures by. Dallas B. Phemister 946

[Graft, Trochanteric.] Fusion of the Hip in Children. The Chandler Method. Charles N. Pease 874

Grafts, The Use of Parallel, and of Two-Stage and Three-Stage Interlocking Grafts in the Treatment of

Idiopathic Scoliosis. End Results in Forty-one Cases. Tom Outland and Oscar Corn 163

[Grafting, Bone-.] Metacarpal Reconstruction. J. William Littler 723

[Grafting, Bone-.] Pseudarthrosis of the Long Bones. Isidore Blumenfeld 97

Grafting Material, The Evaluation of Cortical and Cancellous Bone as. A Clinical and Experimental

Study. LeRoy C. Abbott, Edwin R. Schottstaedt, John B. deC. M. Saunders, and Frederic C. Bost

Growth of Bone, Organizers and the. Pierre

Growth, Epiphyseal, The Effect of Roentgen Irradiation on. 11. Experimental Studies upon the Dog.

John A. Reidy, James R. Lingley, Edward A. Gall, and Joseph S. Barr

!

’'rowth. Epiphyseal, about the Knee Joint, Unclassified Premature Cessation of. Otto C. Ivestler. . .

rowth. Skeletal, Vitamin-A Deficiency and Excess in Relation to. S. Burt Wolbach

TT

381

292

853

788

171

Half-Cylinder Grafts.] Reconstruction of Defects of the Tibia and Femur' with Apposing Massive

Grafts from the .Effected Bone. John J. Flanagan and Henry S. Burem
Hamstring Muscles, Contracture of.] Muscle Fibrodystrophy. A Syndrome Causing Chronic Physical

Disability. Robert Bingham
Hand.] Flexor-Tendon Grafts to the Finger and Thumb. Walter C. Graham
Hand.] Metacarpal Reconstruction. J. William Littler

Hand.] Mobilization of Metacarpophalangeal Joints. Arthroplasty and Gapsulotomy. Samuel Ben-

jamin Fowler

[Hand.] An Operation for Old Unreduced Bennett’s Fracture. John R. Vasko
Hand, Tendinous Reconstruction of the. Following Irreparable Injury to the Peripheral Nerves an

Brachial Plexus. C. A. Luckey and S. R. McPherson
[Hand.] The Transfer of Wrist Extensor Muscles to Restore or Reinforce Flexion Power of the Fingers

and Opposition of the Thumb. George S. Phalen and Richard C. Miller
•

'

,

Hand, Transposition of Fingers in Severe Injuries of the. Walter G. Graham, J. Barrett Brown, Bradfor

Cannon, and Daniel C. Rioi'dan '

Hand Surgery. Presidential Addi-ess. [American Society for Surgery of the Hand.] Sterling Bunne

Handy Pin Inserter, A. George R. Dawson, Jr

[Hardness of Metal, Uniform.] Fixation of Bones by Plates and Screws. Leonard T. Peterson

Healing Time, An End-Result Study of the. Bone Grafts. W. A. Bishop, Jr., Richard C. Stan er, an

Alvin L. Swenson

THE JOURNAL OF BONE AND JOINT SURGE

85

553

723

753

560

993

998

824

526

335

961



INDKX TO VOLUMK 2{) 1123

PAGE

Brachial Plexus, 'reiulinous RcconsUuetiou of the Hand Following Iricpaiable Injury to tlie Pcripli-

cral Nerves and. G. A. Lviekey !ind S. 11. McPherson SCO

[Brachium.] Humerus Varus Following Hirth Injury to the lVo.vimal Humeral Fpiphy.si.s. Leo S. Luca.s

and Joseph H. Gill 367

British Orthopaedic Association, The 254, 826

[Brittain Arthrodesis.] Tubercuiosis of the Hip in Children. Certain Uoentgenographie Manifestations,

Secondary Changes in the Extremity, and Some Suggestions for a Program of Therapy. H. 11.

McCarroll and It. D. Heath 389

C

[Calcaneus, Tendo.] Xanthoma of the Achilles Tendon. Morris S. Friedman 760

[Calcareous Deposits.] Chondrodystrophia Caleificans Congenita. Report of Two Cases. Theodore H.

Vinke and F. Paul Duffy 509

Calcareous Deposits in Soft Tissues about the Proximal Interphalairgeal .Joint of the Index Finger.

Report of a Case. Anthony F. DcPalma 808

Calcified Medullary Defects in Bone. .Albert Barnett Ferguson, .Jr 598

[Calcium Metabolism.] Calcareous Deposits in Soft Tissues about the Proximal Interphalangeal Joint

of the Index Finger. Report of a Case. Anthony F. DePalma 808

[Callus, Intermediary.] Treatment of Ununited Fractures by Onlay Bone Grafts without Screw or Tie

Fixation and without Breaking down of the Fibrous Union. Dallas B. Phemister 946

Canal, Spinal, Spina Bifida Aperta and Congenital Stricture of the. Miinir A. Sarpyener 817

Cancellous Bone, Cortical and, as Grafting Material, The Evaluation of. A Clinical and Experimental

Study. LeRoy C. Abbott, Edwin R. Schottstaedt, .lohn B. deC. M. Saunders, and Frederic C. Bost 381

[Capsulorrhaphy.] Diagnosis and Treatment of Recurrent Dislocation of the Shoulder. Ross Robertson

andW.J. Stark 797

Capsulotomy, Ai'tlu'oplasty atid. Mobilization of Metacarpophalangeal Joints. Samuel Benjamin

Fowler 193

[Carpal Navicular.] Some Surgical Aspects of Osteoid Osteoma. George T. AVallace 777

Carpometacarpal Amputations, A Prosthesis for. Thomas John Canty 801

[Carpometacarpal Joint.] An Operation for Old Unreduced Bennett’s Fracture. Jolm R. Vasko 753
[Cartilage, Articular.] Osteochondritis Dissecans of the Talus. R. Beverley Ray and Edward J. Cough-

lin, Jr
'

697
Cartilage and Chondroitin Sulphate. I. The Physiological Role of Chondroitin Sulphate in Cartilage.

Bengt Sylvdn 745
Cartilage and Chondroitin Sulphate. II. Chondroitin Sulphate and the Physiological Ossification of

Cartilage. Bengt Sylvdn 973
[Cartilage, Degeneration of.] Chondiomalacia Patellae. Jacob Bronitsky 931
[Cartilage, SemilunEu:.] The Relation of Discoid Meniscus to Cyst Formation and Joint Mechanics.

J. Kulowski and H. W. Rickett 990
Cast Spreader, Modification of. Fred A. Polesky 249
Cavities, Bone, The Use of Absorbable Substances to Obliterate, and as Hemostatic Agents in Opera-

tive Procedures on Bones and Joints. Joseph Buchman and John E. Blair 650
Certification, Education and, of Orthopaedic Surgeons in the United States. [Presidential Address, The

• American Orthopaedic Association.] J. Albert Key 1
Cessation of Epiphyseal Growth, Unclassified Premature, about the ICnee Joint. Otto C. Kestler. . . . 788
Chandler Method, The. Fusion of the Hip in Children. Charles N. Pease 874
Children, Arthroplasty of the Hip for Congenital Dislocation in. Paul C. Colonna 711
Children, Fusion of the Hip in. The Chandler Method. Charles N. Pease 874
Children, Tuberculosis of the Hip in. Certain Roentgenographic Manifestations, Secondary Changes

in the Extremity, and Some Suggestions for a Program of Therapy. H. R. McCarroll and R. D.

389
ip Fusion, Laminectomy and Foraminotomy with. Operative Treatment for the Relief of Low-Back
Pain and Sciatic Pain Associated with Spondylolisthesis. Henry Briggs and Sidney Keats 328

L holesterol Metabolism.] Xanthoma of the Achilles Tendon. Morris S. Friedman 760
[Chondritis of the Patella.] Chondromalacia Patellae. Jacob Bronitsky 931
L hondrodysplasia.] Calcified Medullary Defects in Bone. Albert Barnett Ferguson, Jr 598
hondrodystrophia Caleificans Congenita. Report of Two Cases. Theodore H. Vinke and F. Paul Duffy 509
oi^oitin Sulphate, Cartilage and. I. The Physiological Role of Chonch'oitin Sulphate in Cartilage
Bengt Sylvdn ^ 7^.

Choi^oitin Sulphate, Cartilage and. II. Chondroitin Sulphate and the Physiological Ossification of
Cartilage. Bengt Sylven gy3

' OL. 29, >J0. 4 , OCTOBER 1947



INDIOX TO VOLUiMK 2 !) 1133

[Heel.] Ximthoma of the Aehilles 'I'emlon. Morris S. Kriediiuin

Hein, Burney Jiimes

Hemostatic Agents in Operative Procedures on Bones and .Joints, The Use of Absorbable Substances to

Obliterate Bone Cavities and its. Joseph Buchinan and .John E. Blair

[Heparinization.] Primary Arterial Injrii'y Complicating Extremity Fractures. Donald W. Hedrick,

F. B. Hawkins, and C. 0. Townley

High Geometric Osteotomy, with Kotation and Bone Craft, for Ununited Fracture.s of the Neck of the

Femur, The. A Preliminary Heport. James A. Dickson

Hip, rlrthrodesis of the, for Ununited Fractures. [Synipo.siinn.] A. Bi'uce Gill

Hip, M'tlu'oplasty of the, for Congenital Dislocation in Children. Paul C. Colonna

[Hip.] Complications of Fractures of the Neck of the Femur. [Symposium.] H. B. Boyd and I. L.

George

[Hip.] Complications of Old Fractures of the Neck of the Femur. Results of Treatment by Vitallium-

Mold Arthroplasty. [Symposium.] M. N. Smith-Petersen, Carroll B. Larson, Otto E. Aufranc, and

W. xUexander Law
Hip, Functional xVspects of the Abductor Muscles of the. Verne T. Inman
Hip, Fusion of the, in Children. The Chandler Method. Charles N. Pease

[Hip.] The High Geometric Osteotomy, with Rotation and Bone Graft, for Ununited Fractures of the

Neck of the Femur. \ Preliminary Report. James Dickson

[Hip.] Intertrochanteric Fractures of the Femur. A Survey of Treatment in Traction and by Internal

Fixation. Mather Cleveland, David M. Bosworth, and Frederick R. Thompson
Hip, A Modification of the Blade-Plate for the Treatment of Intertrochanteric Fractures of the.

Robert Glen Bronson
[Hip.] Oblique Subcervical (Reverse Intertrochanteric) Fractures of the Femur. Louis T. Wright . ,

[Hip.] Osteosynthesis of Intertrochanteric and Pertrochanteric Fractm-es of the Femur. Hugo
Aronsson

[Hip.] The Pathology of Ununited Fractures of the Neck of the Femur. [Symposium.] Mary S. Sher-

man and D. B. Phemister
Hip, Primary Congenital Subluxation of the. Jacques Leveuf
[Hip.] A Sling for Use in Legg-Perthes Disease. Clarence H. Snyder
[Hip.] Spina Bifida Aperta and Congenital Stricture of the Spinal Canal. Miinir A. Sarpyener
[Hip.] Trochanteric Arthroplasty in the Treatment of Ununited Fractures of the Neck of the Femur.

[Symposium.] Philip D. Wilson
Hip, Tuberculosis of the, in Children. Certain Roentgenographic Manifestations, Secondary Changes in

the Extremity, and Some Suggestions for a Program of Therapy. H. R. McCarroll and R. D. Heath
[Hip.] Unclassified Premature Cessation of Epiphyseal Growth about the Knee Joint. Otto C. Kestler

.

[Hip.] The Whitman Reconstruction Operation for Complications of Fracture of the Neck of the

^

Femur. [Symposium.] Arthur Krida
[Hip Disease.] Immobilization with Bone Grafts in the Treatment of Tuberculosis of the Joints and

Pott’s Disease. Etienne Sorrel and Madame Sorrel-Dejerine
Hip Joint, Arthrodesis of the, in Degenerative Arthritis. A Modified One-Stage Procedure with Internal

Fixation. James A. Dickson and Leon J. Willien
Hip-Nailing Operations, A Simple Leg Holder for. Edward Parnall
Homogenous Bone Grafts, The Use of. A Preliminary Report on the Bone Bank. Leonard F. Bush . .

Human Locomotion, The Definition of, on the Basis of Measurement. With Description of Oscillo-

graphic Method. R. Plato Schwartz and Arthur L. Heath
umeral Epiphysis, Proximal, Humerus Varus Following Birth Injury to the. Leo S. Lucas and

Joseph H. Gill .

umerus. Arthroplasty of the Elbow by Replacement of the Distal Portion of the, with an Acrylic

^

Prosthesis. Richard H. Mellen and George S. Phalen
L umerus.] Diagnosis and Ti'eatment of Tardy Paralysis of the Ulnar Nerve. Based on a Study of 100

Cases. James R. Gay and J. Grafton Love
umerus Fractiwes, Combined Lesions of Radial Nerves and. Internal Fixation of Bone and Neu-

rorrhaphy. William K. Massie and Ai’thur Ecker
L umerus.] Osteochondritis of the Supratrochlear Septum. Report of a Case. W. T. Ross

Recurrent Posterior Dislocation of the Shoulder. J. C. R. Hindenach
L umerus.] Roentgenographic Features of Metastases of a Retinoblastoma to the Long Bones. Report

of a Case. Ralph E. Rowen
unmrus Varus Following Bhth Injury to the Proximal Humeral Epiphysis. Leo S. Lucas and Joseph

Hyperostosis, Infantile Cortical. Douglas D. Dickson, Clarence A. Luckey, and Noble H. Logan. . . .

^e). 4, OCTOBER 1947

PAGE

760

1107

050

738

1005

305

711

13

41

607

874

1005

1049

537

707

637

19

149

524

817

313

889

788

310

603

687

536

620

203

367

348

1087

977

514

582

805

367

224



1124 INDEX TO VOLUME 29

Chondromalacia Patellae. Jacob Bronitsky

CChondromyxosarcoma.]] Survival in Bone Sarcoma. Harry Platt

[]Chronaxia.3 The Newer Pathological and Physiological Concepts of Anterior Poliomyelitis and Their

Clinical Interpretation. Ai’thur Steindler

Chronic Physical Disability, A Syndi'ome Causing. Muscle Fibrodystrophy. Eobert Bingham
Chronic Strain of the Tibial Collateral Ligament from Eoller-Skating, Ossifications Associated with.

Edmund W. Klinefelter

[Circulation.] Primary Arterial Injury Complicating Extremity Fractures. Donald W. Hedrick, F. B.

Hawkins, and C. 0. Towmley

Clavus, Painful Interdigital (Soft Corn). Treatment by Skin-Plastic Operation. Edward J. Habousli

and Robert V. Martin

Clinical and Experimental Study, A. The Evaluation of Cortical and Cancellous Bone as Grafting

Material. LeRoy C. Abbott, Edwin R. Schottstaedt, John B. deC. M. Saunders, and Frederic C.

Bost

Clinical Interpretation, The N^ewer Pathological and Physiological Concepts of Anterior Poliomyelitis

and Their. Arthur Steindler

Clinical Methods, Some New. The Diagnosis of Meniscus Injuries. A. Graham Apley

Closed Operations, Open and. With Special Reference to Reduction by. Fracture-Dislocation of the

Thoracolumbar Spine. J. Kenneth Stanger '

Closure, Secondary, of Wounds Associated with Compound Fractures. James 0. Barr

[Club-Foot.] Modification of the Denis Browme Splint. Michael Bluhm
Club-Foot, Recurrent Congenital, Transposition of the Anterior Tibial Tendon in the Treatment of.

George J. Garceau and K. R. Manning
[Collateral Ligaments, Reconstruction of.] Operative Treatment of Paralytic Genu Recurvatum.

Clarence H. Heyman
Collateral Ligament, Tibial, Ossifications Associated with Chronic Strain of the, from Roller-Skating.

Edmund W. Ivlinefelter

[Colonna Reconstruction Operation, Modified.] Complications of Old Fractures of the Neck of the

Femur. Results of Treatment by Vitallium-Mold Mtlmoplasty. [Symposium.] M. N. Smith-

Petersen, Carroll B. Larson, Otto E. Aufranc, and W. Alexander Law
Committee on Artificial Limbs of the National Research Council, The
Committee on Artificial Limbs of the National Research Council, The Functions and Activities of the.

A Preliminary- Report. Paul E. Klopsteg
Complications of Fractures of the Neck of the Femur. [Symposium.] H. B. Boyd and I. L. George.

.

Complications of Fracture of the Neck of the Femur, The Whitman Reconstruction Operation for.

[Symposium,] .Arthur

,
Complications of Old Fractures of the Neck of the Femur. Results of Treatment by Vitallium-Mold

Arthropla.-sty. [Symposium.] M. N. Smith-Petersen, Carroll B. Larson, Otto B. Aufranc, and

W. Alexander Law
Complications of Old Fractures of the Neck of the Femur and Their Treatment, Symposium on the.

P.A,GE

931

6

59

85

237

738

756

381

59

78

107

376

248

1044

644

237

41

544

538

13

310

41

[The American Orthopaedic Association.]

Boyd, H. B., and George, I. L
Gill, A. Bruce

ICi'ida, Arthur

Sherman, Mary S., and Phemister, D. B
Smith-Petersen, M. N.

; Lai’son, Carroll B.
;
Aufranc, Otto E.

;
and Law, W. Alexander

AVilson, Philip D
Discussion

13

305

310

19

41

313

Badgley, Carl

Blount, Walter P.
.

Colonna, Paul

Platt, Harry

Compound Fractures, Secondary Closure of Wounds Associated with. James 0. Barr

Compression, Nerve-Root, Observations on Obscm-e Mechanisms of, with a Diagnostic Tap Test.

Report of Two Cases. Henrj'- Briggs and Sidney Keats
'

Congenital Club-Foot, Recurrent, Transposition of the Anterior Tibial Tendon in the Treatment of.

George J. Garceau and K. R. Manning
7^^

Congenital Dislocation in Childi-en, Artlu'oplasty of the Hip for. Paul G. Colonna
j 1083

Congenital Dislocation of the Patella. Case Report with History of Four Generations. E. B. Mumfor .

.

Congenital Stricture of the Spinal Canal, Spina Bifida Aperta and. Miinir A. Sarpyener

Congenital Subluxation, Primary, of the Hip. Jacques Leveuf

THE JOUKNAL OF BONE AND JOINT SUKOERV



1134 INDEX TO VOLUME 29

PAGE
Hyperplasia, Pai-athyroid, Report of a Case Without, and With Ureteritis Cystica. Renal Osteitis

Fibrosa Superimposed on Senile Osteoporosis. George W. Cottrell
402

[Hypertonicity.] The Peripheral Disease of Poliomyelitis. John P. Pohl 20‘>7

[Hypertrophic Arthritis, Chi-onic.] Ai'tlirodesis of the Hip Joint in Degenerative Ai-thritis. A Modified

One-Stage Procedui-e vdth Internal Fixation. James A. Dickson and Leon J. Willien 687

[Hypervitaminosis.] Vitamin-A Deficiency and Excess in Relation to Skeletal Growth. S. Burt Wolbach 171

I

Idiopathic Scoliosis. A Method of Correction. Goronwy E. Thomas 907

Idiopathic Scoliosis, The Use of Parallel Grafts and of Two-Stage and Three-Stage Interlocking

Grafts in the Treatment of. End Results in Forty-one Cases. Tom Outland and Oscar Corn 163

[Iliac Graft.] The Evaluation of Cortical and Cancellous Bone as Grafting Material. A Clinical and

Experimental Studi'. LeRoy C. Abbott, Edwin R. Schottstaedt, John B. deC. M. Saunders, and

Frederic C. Bost 381

Ilium, Primary Lymphangioma of the. Report of a Case. William H. Bickel and Albert C. Broders 517

Immobilization, with Bone Grafts in the Treatment of Tuberculosis of the Joints and Pott’s Disease.

Etienne Sorrel and Madame Sorrel-Dejerine 603

Improved Retractor for Intervertebral-Disc Sm-gery, An. Michael Skovron 247

Improved Rotating Stirrup for Use in the Treatment of Fractures of the Femur with Skeletal Traction,

An. Gerald G. Gill 531

Improved Skin-Traction Teclinique for the Fingers, An. Hartwin A. Schulze 222

[Incision, Posterolateral.] The Posterolateral Approach to the Femur. George H. Marc3’^ 676

Index Finger, Calcareous Deposits in Soft Tissues about the Pro.ximal Interphalangeal Joint of the.

Report of a Case. Anthony F. DePalma 808

Infantile Cortical Hyperostosis. Douglas D. Dickson, Clarence A. Luckey, and Noble H. Logan 224

Infantile Paralysis, Experiences with Epiphyseal Arrest in Correcting Discrepancies in Length of the

Lower Extremities in. A Method of Predicting the Effect. William T. Green and Margaret Anderson 659

[Infantile Paralysis.] External Rotation of the Leg in Poliomyelitis. Samuel C. Yachnin 415

[Infantile Paralysis.] Fascial Repair for Poliom\'elitic Paralysis of the Abdominal Wall in Adults.

George T. Wallace and William J. West 1031

[Infantile Paralysis.] Muscle Fibrodj'strophy. A Sjmdrome Causing Chronic Physical Disability.

Robert Bingham 85

[Infantile Paralysis.] The Newer Pathological and Physiological Concepts of Anterior Poliomj’'elitis and

Their Clinical Intei-pretation. Arthur Steindler

[Infantile Paralysis.] The Peripheral Disease of Poliomi'elitis. Jolm F. Pohl 1027

. Infection, Cryptococcus neojormans (Torulosis) of Bone. Report of a Case. Clai’an H. Jesse 810

ection.] Osteom3'elitis Caused b3^ Salmonella lyphimurium. Ruth F. Ki-auss

ection. Salmonella, Involving the Knee Joint. Report of a Case. Theodore H. Vinke and Harold F.

Do^sming ^82

knjuryi Birth, to the Proximal Humeral Epiph3^sis, Humerus Varus Following. Leo S. Lucas and

Joseph H. Gill 367

Injuries to the Intervertebral Disc, Anatomicoplu'siological Aspects of. [Symposium.] Verne T. Inman

and J. B. deC. M. Saunders
Injury, Irreparable, to the Peripheral Nerves and Brachial Ple.xus, Tendinous Reconstruction of the

Hand Following. C. A. Luckey and S. R. McPherson ^

Injuries, Meniscus, The Diagnosis of. Some New Clinical Methods. A. Graham Apley • •

Injury, Primary Arterial, Complicating Extremity Fractui-es. Donald W. Hedrick, F. B. Hawkins,

and C. O.

Injuries, Severe, of the Hand, Transposition of Fingers in. Walter C. Graham, J. Barrett Brown, Brad-

ford Cannon, and Daniel C. Riordan
^.g

Injuries to the Tarsal Navicular, The Treatment of. A. Jackson Day .

'

Inlay and Intramedullary Graft, A Combination of, Which Is Self-Retaining. The “Latch” Graft.

Peter-Cyrus Rizzo and Otto Lelunann
Instrument for Use in the Bankart Operation for Recurrent Dislocation of the Shoulder, An. Geoige .

Reiss

Instruments
240

Efficient Dual-Pm-pose Retractor, An. Peter-Cyrus Rizzo
^26

Handy Pin Inserter, A. George R. Dawson, Jr 247
Improved Retractor for Intervertebral-Disc Surgery, An. Michael Skovron

249
Modification of Cast Spreader. Fred A. Polesky

THE JOURNAL OF BONE AND JOI.N'T SURGE



INDliX TO VOLUAIK 29 1125

PAGE

Control, Autonomic, of Synoviiil-Fluid lloaotion. C. 1. Reed, Henniiii .Ioffe, and Norman R. Joseph. . 370

(Corn, Soft), Painful Intcrdinital Clavus. Treatment by Skin-Plastie Operation. Edward .1. Haboush

and Robert V. Martin ;
• 756

Correcting Discrepancies in I.ongth of the Lower E.^tremities in Infantile Paralysis, Experiences with

Epiphyseal Mrest in. A Method of Predicting the Effect. William '1'. Green and Margaret

Correction, Method of. Idiopathic Scoliosis. Goronwy E. 'I'homa.s 907

Cortical and Cancellous Bone as Grafting Material, The Evaluation of. A Clinical and Experimental

Study. Lelloy C. Abbott, Edwin R. Schottslaedt, .lohn B. deC. M. Saunders, and Frederic C.

Dost 381

Cortical Hyperostosis, Infantile. Douglas D. Diclcson, Clarence A. Luckey, and Noble H. Logan .... 224

[Coxa Valga.] Functional Aspects of the Abductor Muscles of the Hip. Verne T. Inman 607

[Crepitation of Patella.] Chondromalacia Patellae. Jacob Bronitskj'^ 931

Cryptococcus neofortnans Infection ('I'orulosis) of Bone. Report of a Case. Claran H. Jesse 810

[Cuneonavicular Joint.] 'I'lie Treatment of Injuries to the Tarsal Navicular. A. Jaclison Day 359

Current Literature 550, 832, 1108

[Curvature.] Idiopathic Scoliosis. A Method of Correction. Goroinry E. Thomas 907

Cyst Formation and Joint Mechanics, 'I'ho Relation of Discoid Meniscus to. J. Kulowski and H. W.

Rickett 990

Cystica, Ureteritis, Report of a Case Without Parathyroid Hyperplasia and With. Renal Osteitis

Fibrosa Superimposed on Senile Osteoporosis. George W. Cottrell 491

D

Defects, Calcified Medullary, in Bone. Albert Barnett Ferguson, Jr 598

[Defects, Metacarpal.] Metacarpal Reconstruction. J. William Littler 723

Defects of the Radius, The Repair of, with Fibular Bone Grafts. Richard C. Miller and George S.

Phalen 629

Defects Resulting from Shattering Fractures, Intramedullary Onlay Grafts for. Frank G. Murphy .... 1068

Defects of the Tibia and Femur, Reconstruction of, with Apposing Massive Grafts from the Affected

Bone. John J. Flanagan and Henry S. Burem 587
Deficiency and Excess, Vitamin-.A, in Relation to Skeletal Growth. S. Burt Wolbach 171

Definition of Human Locomotion on the Basis of Measurement, The. With Description of Oscillographic

Method. R. Plato Schwartz and Aidhur L. Heath 203
Deformity, Flexion, Correction of, in Five Cases of Ankylosing Ai-thritis of the Spine. Wedge Oste-

otomy of the Spine with Bilateral Intervertebral Foraminotomy. Henry Briggs, Sidney Keats, and
Philip T. Schlesinger 1075

Deformities, Long-Bone, A Method for Correcting. Osteotomy-Osteoclasis. John Royal Moore 119
Degenerative Arthritis, Arthrodesis of the Hip Joint in. A Modified One-Stage Procedure with Internal

Fixation. James A. Dickson and Leon J. Willien 687
[Degenerative Changes in Articular Cartilage.] The Effect of Roentgen Irradiation on Epiphyseal

Grouch. II. Experimental Studies upon the Dog. John A. Reidy, James R. Lingley, Edward A.
Gall, and Joseph S. Barr 853

Degenerative Disc Disease, Backward Displacement of Fifth Lumbar Vertebra in. The Significance of
the Difference in Anteroposterior Diameters of the Fifth Lumbar and First Sacral Vertebrae.
Gilbert H. Fletcher 1019

[Delayed Union.] Bone Grafts. An End-Result Study of the Healing Time. W. A. Bishop, Jr., Richard
C. Stauffer, and Alvin L. Swenson 961

Denis Browne Splint, Modification of the. Michael Bluhm 248
Deposits, Calcareous, in Soft Tissues about the Proximal Interphalangeal Joint of the Index Finger.

Report of a Case. Anthony F. DePalma. . 808
Diagnosis of Meniscus Injuries, The. Some New Clinical Methods. A. Graham Apley 78
iagnosis and Treatment of Recm-rent Dislocation of the Shoulder. Ross Robertson and W. J. Stark. . 797
iagnosis and Treatment of Tardy Paralysis of the Ulnar Nerve. Based on a Study^ of 100 Cases.

James R. Gay and J. Grafton Love 1087
Diagnostic Tap Test, Observations on Obscure Mechanisms of Nerve-Root Compression with a.

Report of Two Cases. Henry Briggs and Sidney Keats 758
isaMUty, Chronic Physical, A Syndrome Causmg. Muscle Fibrodystrophy. Robert Bingham 85
ISC Disease, Degenerative, Backward Displacement of Fifth Lumbar Vertebra in. Tlie Significance of

the Difference in Anteroposterior Diameters of the Fifth Lumbar and First Sacral Vertebrae
GUbert H. Fletcher '

^Qig

' OL. 19. NO. 4, OCTOBER 1947



INDKX TO VOI.UAII0 29 1135

PAGE

Instruments {conlinucd)

Motor-Driven Hcrew Holder and Serew Driver, A. (Jeorttc R. Dawson, Jr 527

Osteosynthesis of Intertrochanterie and Pertroehantcrie Fi'actures of the Femur. Hugo Aronsson G37

[InsutSciency Fractures.] March Fraeture.s. A iStudy with .Special Reference to Etiological Factor.s.

James G. Donald and William T. Fitts, .fr 297

Interdigital Clavus (Soft Corn), Painful. 'I’reatinent hy .Skin-Plastic Operation. Edward J. Haboush

and Robert V. Martin 756

Interlocking Grafts, 'IVo-Stago and Three-Stage, The Fse of Parallel Grafts and of, in the Treatment

of Idiopathic Scoliosis. End Result.s in Forty-one (!ase.s. Tom Outland and O.scar Corn 163

Internal Fixation of Bone and Neurorrhaphy. Combined Lesions of Radial Nerves and Humeru.s Frac-

tures. William K. Mmssic and .Arthur Ecker 977

Internal Fixation, A Modified Onc-.Stagc Procedure with. .Vi-throdesis of the Ilip .foint in Degenerative

Arthritis. James A. Dicksoir and Leon J. Willicn 687

Internal Fixation, A Siu’vcy of Treatment in Traction and by. Intertrochanteric Fractures of the Femur.

Mather Cleveland, David M. Bosworth, and Frederick R. Thompson 1049

International College of Surgeons 823

International Society of Orthopaedic Surgery and Traumatology 254, 828

[Intemuncial-Cell Lesion.] The Newer Pathological and Physiological Concepts of Anterior Polio-

myelitis and Their Clinical Intci’pretation. .'Ai-thur .Steindler 59

Interphalangeal Joint, Pro.ximal, of the Index Finger, Calcareous Deposits in Soft 4'issues about the.

Report of a Ctise. Anthony F. DePalma 808

[Intertrochanteric Fractures.] Blade-Plate Fixation. Report of a Case. Irwin A. .laslow' 814
Intertrochanteric Fractures of the Femur. A Survey of Treatment in Traction and by Internal Fixation.

Mather Cleveland, David M. Bosworth, and Frederick R. Thompson 1049
Intertrochanteric Fractures of the Hip, .A Modification of the Blade-Plate fo)‘ the Treatment of. Robert

Glen Bronson 537
[Intertrochanteric-Mold Arthroplasty.] Complications of Old Fractures of the Neck of the Femur.

Results of Treatment by Vitallium-Mold Ai-tluoplasty. [Symposium.] M. N. Smith-Petersen, Car-
roll B. Larson, Otto E. Aufranc, and W. Alexander Law 41

Intertrochanteric and Pertrochanteric Fractures of the Femur, Osteosynthesis of. Hugo Ai’onsson .... 637
(Intertrochanteric, Reverse), Oblique Subcervical, Fractures of the Femur. Louis T. Wright 707
[Intervertebral Disc.] An Analysis and Differentiation of Low'-Back Pain in Relation to the Disc

Factor. [Symposium.] /Irthur Steindler 455
Intervertebral Disc, Anatomicophysiological Aspects of Injuries to the. [Symposium.] Verne T. Inman

and J. B. deC. M. Saunders 461
[Intervertebral Disc.] The Disc Factor in Low'-Back Pain With or Without Sciatica. [Symposium.]

J. Grafton Love 438
Intervertebral Disc, End-Result Study of the. [Symposium.] Raymond E. Lenhard 425
[Intervertebral Disc.] Laminectomy and Foraminotomy with Chip Fusion. Operative Treatment for

the Relief of Low-Back Pain and Sciatic Pain Associated w'ith Spondylolisthesis. Henry Briggs and
Sidney Keats 328

[Intervertebral Disc.] Observations on Obscure Mechanisms of Nerve-Root Compression wdth a
Diagnostic Tap Test. Report of TSvo Cases. Henry Briggs and Sidney Keats 758

Intervertebral Discs, Pathological Studies of. [Symposium.] Charles Eckert and Alfred Decker 447
Intervertebral Disc, Ruptured, and Sciatic Pain. [Symposium.] Joseph S. Barr 429
Intervertebral-Disc Surgery, An Improved Retractor for. Michael Skovron 247
Intervertebral Disc, Symposium on the. Introduction. Arthur G. Davis 424
Intervertebral Disc, Symposium on the. [The American Orthopaedic Association.]

Barr, Joseph S 429
Davis, Arthur G 424
Eckert, Charles, and Decker, Alfred 447
Inman, Verne T., and Saunders, J. B. deC. M 461
Lenhard, Raymond E 425
Love, J. Grafton 438
Steindler, Ai-thur 455

Discussion

Hallock, Halford 475
Mixter, AA'^illiam Jason 408
Willis, Theodore A 459
AA’^oodhall, Barnes 479

'OL. 29. MO. 4. OCTOBER 1947



1126 INDEX TO VOLUME 29

Disc Factor, An Analysis and Differentiation of Lo\v-Back Pain in Relation to the. [Symposium.] Arthur
Steindler

Disc Factor in Low-Back Pain With or Without Sciatica, The. [Symposium.] J. Grafton Love

Disc, Intervertebral, Anatomicophysiological Aspects of Injuries to the. [Symposium.] Verne T.

Inman and J. B. deC. M. Saunders

Disc, Intervertebral, End-Result Study of the. [Symposium.] Raymond E. Lenhard

[Disc, Intervertebral.] Laminectomy and Foraminotomy with Chip Fusion. Operative Treatment for

the Relief of Low-Back Pain and Sciatic Pain Associated with Spondylolisthesis. Henry Briggs and

Sidney Keats

[Disc, Intervertebral.] Observations on Obscure Mechanisms of Nerve-Root Compression with a

Diagnostic Tap Test. Report of Two Cases. Henry Briggs and Sidney Keats

Discs, Intervertebral, Pathological Studies of. [Symposium.] Charles Eckert and Alfred Decker ....

Disc, Intervertebral, Ruptured, and Sciatic Pain. [Symposium.] Joseph S. Barr

Disc, Intervertebral, Symposium on the. Introduction. Arthur G. Davis

Disc, Intervertebral, Symposium on the. [The American Orthopaedic Association.]

Barr, Joseph S
Davis, Ai’thur G
Eckert, Charles, and Decker, Alfred

Inman, Verne T., and Saunders, J. B. deC. M
Lenhard, Raymond E
Love, J. Grafton

Steindler, Ai’thur

Discussion

Hallock, Halford

Mixter, William Jason

Willis, Theodore A
Woodhall, Barnes

Discoid Meniscus, The Relation of, to Cyst Formation and Joint Mechanics. J. Kulowski and H. W.

Rickett

Discrepancies in Length of the Lower E.xtremities in Infantile Paralysis, E.xperiences with Epiphyseal

Arrest in Correcting. A Method of Predicting the Effect. William T. Green and Margaret .Anderson

Disease, Legg-Perthes, .A. Sling for Use in. Clarence H. Snyder
Disease, The Peripheral, of Poliomyelitis. John F. Pohl
Dislocation, Congenital, in Children, Arthroplastj’ of the Hip for. Paul C. Colonna
Dislocation, Congenital, of the Patella. Case Report with History of Four Generations. E. B. Mumford.

[Dislocation, Congenital.] Pj-imary Congenital Sublu.xation of the Hip. Jacques Leveuf

Dislocation, Fracture-, of the .Ankle with Fixed Displacement of the Fibula Behind the Tibia. David M.

Bosworth

Dislocation, Fracture-, of the Thoracolumbar Spine. With Special Reference to Reduction by Open and

Closed Opei'ations. J. Kenneth Stanger
[Dislocation.] .An Operation for Old Unreduced Bennett’s Fracture. John R. Vasko
Dislocation, Recurrent Posterior, of the Shoulder. J. C. R. Hindenach
Dislocation, Recurrent, of the Shoulder, Diagnosis and Treatment of. Ross Robertson and W. J. Stark.

Dislocation, Recurrent, of the Shouldei’, An Instrument for Use in the Bankart Operation for. George I.

Reiss

Displacement, Backward, of Fifth Lumbar Vertebra in Degenerative Disc Disease. The Significance of

the Difference in .Ajrteroposterior Diameters of the Fifth Lumbar and First Sacral Vertebrae.

Gilbert H. Fletcher ‘

Displacement, Fixed, of the Fibula Behind the Tibia, Fracture-Dislocation of the Ankle with. David

M. Bosworth

Dog, II. Experimental Studies upon the. The Effect of Roentgen Irradiation on Epiphyseal Growth.

John A. Reidy, James R. Lingley, Edward A. Gall, and Joseph S. Barr

Dual-Purpose Retractor, .An Efficient. Peter-Cyrus Rizzo j

[Dyes, Effect of.] Absorption of Trypan Blue from the Human Knee Joint. R. L. deC. H. Saundeis an

E. Gordon Young

E

Editorial Announcement 'J,,' „

Education and Certification of Orthopaedic Surgeons in the United States. [Presidential Ad ess,

.American Orthopaedic .Association.] J. .Albert Key

P.VGE

455

438

461

425

328

758

447

429

424

429

424

447

461

425

438

455

475

468

469

470

990

659

524

1027

711

1083

149

130

107

753

582

797

812

1019

130

853

240

301

839

1

THE JOURNAL OF BONE AND JOINT surgery



1136 INDEX TO VOLUJilB 29

PAGE
[Intervertebral Foramina.] BaclOTaid Displacement of Fifth Lumbar Vertebra in Degeneiative Disc

Disease. The Significance of the Diffeience m Anteroposterior Diameters of the Fifth Lunibai and

First Sacral Veitebrae. Gilbeit H. Fletchei 1019

Intervertebral Foraminotomy, Wedge Osteotomy of the Spine with Bilateial. Coirection of Flexion

Defoimity in Five Cases of Ankylosing Arthntis of the Spine. Heniy Briggs, Sidney Iveats, and

Philip T. Schlesinger . - 1075

[Intra-Articular Adhesions.] Ixnee Movement Following Fiactuies of the Femoral Shaft John Charnley 679

[Intracapsular Fractures.] The Pathology of Unumted Fiactures of the Neck of the Femui [Sym-

posium.] Mar}' S. Sheiman and D. B. Phemister 19

Intramedullary Graft, A Combination of Inlay and, AVhich Is Self-Retaining. The “Latch” Giaft: Peter-

Cyrus Rizzo and Otto Lehmann 351

Intramedullary Onlay Grafts for Defects Resulting fiom Shattenng Fiactuies Frank G. Murphy 106S

Irradiation, Roentgen, The Effect of, on Epiphyseal Giowth. II. Experimental Studies upon the Dog.

John A Reidy, James R. Lmgley, Edward A. Gall, and Joseph S. Barr . 853

Ischium, Unumted Epiphysis of the. Report of a Case. Hariy Winklei and Iia H. Rapp 231

J

Jaw Forceps, Slotted, foi Bone-Plating. S. Peiiy Rogeis

John and Mary R. Markle Foimdation, The

Joint, Adiacent, O&teoid Osteoma Associated with Changes in. Repoit of Two Cases. Mary S Sheiman

Joints, Bones and, The Use of Absoibable Substances to Obliteiate Bone Cavities and as Hemostatic

Agents in Opeiative Proceduies on. Joseph Buchman and John E. Blaii

[Joint Fusion.] The Evaluation of Coitical and Cancellous Bone as Giafting Mateiial. A Clinical and

Expeiimental Study. LeRoy C. Abbott, Edwin R. Schottstaedt, John B. deC. M. Saunders, and

Fiedeiic C Bost

Joint, Hip, Ai throdesis of the, in Degenerative Ai tin itis. A Modified One-Stage Pi ocedui e with Intel nal

Fuxation. James A Dickson and Leon J. Willieii

[Joint, Knee.] External Rotation of the Leg in Poliomyelitis. Samuel C. Yachnin

Joint, Knee, Human, Absoiption of Tiypan Blue fiom the. R L. deC. H. Saundeis and E Goidon

Young
Joint, Knee, Salmonella Infection Involving the Repoit of a Case. Theodoie H. Vinke and Haiold F.

Dow nmg
Joint, Knee, Unclassified Prematuie Cessation of Epiphyseal Giowth about the. Otto C. Ivestlei

Joint Mechanics, The Relation of Discoid Meniscus to Cyst Foimation and. J. Kulowski and H W
Rickett

Joints, Metacarpophalangeal, Mobilization of. Aitluoplasty and Capsulotomy. Samuel Benjamin

Fow ler

^ Joint, Proximal Interphalangeal, of the Index Fiiigei, Calcaieous Deposits in Soft Tissues about the.

Repoit of a Case Anthony F. DePalma
Joints, Tubei culo-.i> of the, and Pott’s Disease, Immobilization with Bone Giafts in the Tieatment of

Etienne Son el and Madame Soiiel-Dejeiine .

1100

1101

483

650

381

687

415

301

232

788

990

193

808

603

K
[Knee.] Chondiomalacia Patellae Jacob Bioiiitsky

[Knee.] Congenital Dislocation of the Patella. Case Repoit with Histoiy of Foui Geneiations. E. B.

Mumfoid
[Knee.] The Diagnosis of Meniscus Injuries. Some New' Clinical Methods. A. Giahain .Apley

Knee Movement Following Fiactuies of the Femoial Shaft. John Chainley

[Knee.] Opeiative Tieatment of Paralytic Genu Recurvatum. Clarence H. Heyman
[Knee.] Ossifications Associated with Chionic Stiam of the Tibial Collateial Ligament fioni Rollei-

Skatmg. Edmund W. Klinefeltei

[Knee.] The Relation of Discoid Meniscus to Cyst Foimation and Joint Mechanics. J Kulowski an

H. W. Rickett

[Knee.] Rupture of the Popliteal Fascia. How aid R. Dudgeon, Ji.

[Knee Joint.] External Rotation of the Leg in Poliomyelitis. Samuel C Yachnin

Knee Joint, Human, Absorption of Trypan Blue fiom the. R L deC H Saundeis and E Goi on

Young . .
.

p

Knee Joint, Salmonella Infection Involving the. Repoit of a Case Theodoie H. Vmke and Haio

Dowming
Knee Joint, Unclassified Pi ematuie Cessation of Epiphyseal Gi ow'th about the. Otto C. Kestlei

[Knock-Knee.] Renal Rickets. Repoit of a Case J. L. Richaidson

931

1083

78

679

644

237

990

522

415

301

232

788

503

THE JOUBNAL OF BONE AND JOINT SUBOEBY



IiVOKX TO VOLOAIK 29 1127

I'AGD

Effect, A Metluxlof Fu-ilu-ting tlu'. Mxpoi ionces with lOiMphyseiil Aiii-st in CoiiectiiiK Disci epancies in

Length of the Limci K\ticinitii's in Infiintilo Fiualysis. VVilliiun T. Ciicon and Maigaiet Andeisoii 059

Effect of Roentgen Iniuliatum on Kpiiiliyseal Giowth, The H. Expei iinentul .Studies upon tlie Dog.

John .V. Reidy, James R. Lingley, Edwaid A Gall, and Joseph S. Ban 853

Efficient Dual-Purpose Retractor, An. Retei-Cyius Ri/,/o 240

Elbow, .Vitliiodesih of tlie. A Picliminaiy Ropoit of a New Opciation. Moses Gellnian. . 850

Elbow, .Vi tin oplastj' of the, by Replacement of tlie Distal Roition of the llumeius with an Aciylic

Piosthesis. Richaid II. Mellon and Geoigc S. Phalcn . 348

[Elbow.] Diagnosis and 'rieatment of 'rauly 1‘aialysis of the rinai Neivc. Biused on a Study of 100

Cases. James 11. Gay and J. Giafton Love 1087

[Elbow.] Osteochondi itis of the Supiatiochlcai Septum, llcpoit of a Case. W. T. Ross 514

[Elbow.] Roeutgenogiaphie Fcatuies of Meta.sta.scs of a Retinoblastoma to the Long Bones. Report of

a Case. Ralph E. Rowen . 805

[Electrical Stimulation.] A Miniatuic Galvanic Stimulatoi. James E. Bateman 241

[Electrolytic Action.] Fixation of Bones by Plates and Seiew's. Leonard T. Peteison 335

[Embryogenesis of Cartilage.] Caitilage and Chondioitin Sulphate. 11. Chondioitin .Sulphate and the

Physiological Ossification of Cai tilage. Bengt Sylv6n 973

[Endochondral Ossification.] Oiganizeis and the Giowth of Bone. Pieiie Lacioiv 292

End-Result Study of the Healing Time, An. Bone Giafts. W. A. Bishop, Jr., Richaid C. Stauffer, and

Alvin L. Swenson 961

End-Result Study of the Intel veitebial Disc. [Symposium ] Raymond E. Lenhaid 425

Epiphyseal Arrest, Expeiiences with, in Collecting Disci epancies in Length of the Lower Extremities

in Infantile Paialysis. A Method of Piedicting the Effect. William T. Gieen and Margaret Andei-

soii 659

[Epiphyseal-Cartilage Cells.] Vitainin-.\ Deficiency and Excess in Relation to Skeletal Growth.

S. Buit Wolbach 171

Epiphyseal Growth, The Effect of Roentgen Liadiation on. II. Experimental Studies upon the Dog.
John A. Reidy, James R. Lingley, Edw'ard A. Gall, and Joseph S. Barr 853

Epiphyseal Growth about the Knee Joint, Unclassified Prematuie Cessation of. Otto C. Kestlei 788

[Epiphyseodesis.] Experiences with Epiphyseal Aiiest in Coi reeling Discrepancies in Length of the

Lowei Extremities in Infantile Paralysis. A Method of Predicting the Effect. William T. Green
and Margaiet Anderson 659

[Epiphyses, Premature Closure of ] Tubeiculosis of the Hip in Cliildren. Certain Roentgenogi aphic
Manifestations, Secondary Clianges in the Extiemity, and Some Suggestions for a Program of

Therapy. H. R. MeCarioll and R. D. Heath 889
[Epiphyses, Stippled.] Chondrodysti ophia Calcificans Congenita. Report of Two Cases. Theodoie H.

Vinke and F. Paul Duffy 509
[Epiphysiolysis.] Renal Rickets. Report of a Case J. L. Richaidson 503
Epiphysis, Proximal Humeral, Humeius Vaius Following Biith Injury to the. Leo S. Lucas and Joseph

H. GiU 367
Epiphysis, Ununited, of the Ischium. Repoit of a Case. Harry Winkler and Ira H. Rapp 234
[Equinovarus, Talipes.] Modification of the Denis Biowne Splint. Michael Bluhm 248
[Equinovarus.] Transposition of the Anterior Tibial Tendon in the Treatment of Recuirent Congenital

Club-Foot. George J. Garceau and K. R. Manning 1044
[Equinus, Degree of.] Tibiotarsal Arthiodesis after Astragalectomy. A Repoit of Eight Cases. J. C

Carmack and Halford Hallock 476
Etiological Factors, A Study with Special Reference to. Mai ch Fi actures. James G Donald and William

T. Fitts, Ji. 297
Evaluation of Cortical and Cancellous Bone as Grafting Material, The. A Clinical and Experimental

Study. LeRoy C. Abbott, Edwnn R. Schottstaedt, John B. deC. M. Saunders, and Frederic C. Bost 381
Evaluation of the Results of These Operative Proceduies Based on Peisonal Examinations and Inter-

views. (Complications of Old Fractures of the Neck of the Femur Results of Treatment by
Vitallium-Mold Arthroplasty.

) [Symposium.] M. N. Smith-Petersen, Carroll B. Larson, Otto E.
Aufranc, and W. Alexander Law. . . .... 46

Evolution of the Orthopaedic Branch of Suigerym New York City, A Review of the. Royal Whitman . . 250
[Ewing’s Tumor.] Survival in Bone Sarcoma. Hariy Platt .... 6
Examinations, Pre-Employment, of the Back. Steele F. Stew'art 215
Excess, Vitamin-A Deficiency and, in Relation to Skeletal Grow'th. S Burt Wolbach 171
Exercising, Foot-, Floor Pad for. Maurice H. Herzmark 1098

''OL. 29. xo. 4. OCTOBER 1947



INDHX TO VOLUiMK 20 1137

PAGE

L

[LabriuniGleaoidale.] Recuirciit Postoiior Dihlouation of tlic Shoulder, .f. C. R. iriiulenucli 582

Lagomarsino, Emiquo If • • 253

[Laminectomy.] An Aniilj>i,s and DilTcrontiation of Lou’-Unelc Pain in Relation to the Di.sc Factor.

[Sym])Ot>iuin.] Arthur Steindler . • 455

Laminectomy and Foraminotomy with Clup Fusion. Opeiativc 'rieatment for the Relief of Low-Back

Pain and Sciatic Pain -Vsbociated with Spondyloliathesis. licni y Bi ijgjgs and Sidney Keats . . 328

‘‘Latch’’ Graft, The: A Combination of Inlay and Intianicdullary Graft Which Is Self-Retaining.

Peter-Cyrus Rizzo and Otto Lehmann 354

Leg, External Rotation of the, in Poliomyelitih. Samuel C. Yachnin . . 415

Leg Holder, A Simple, for Hip-Nailing Operations. Edward Pai nail . 536

Legg-Perthes Disease, A Sling for Use in. Chucuce IL Snyder 524

Length of the Lower Extremities in Infantile Paralysis, Expei iences with Epiphyseal iVri est in Correct-

ing Disci epancies in. A Method of Predicting the ElTcct. William T. Gicen and Margaiet Aiidei-

son .... •

.

• 659

[Ligaments, Collateral, Reconstruction of.] Opeiative Treatment of Paralytic Genu Recurvatum.

Clarence IL Ileyman 644

Ligament, Tibial Collateral, Ossifications Associated with Chionic Strain of the, fiom Roller-Skating.

Edmund W. Klinefelter ... . . 237

Limbs in Tiaction, A Method of Offsetting the External Rotation of. Robeit M. Rose. 535

[Limbus.] Primary Congenital Subluxation of the Hip. Jacques Leveuf 149

Locomotion, Human, The Definition of, on the Basis of Measuiement. With Desciiption of Oscillo-

graphic Method. R. Plato Schwartz and .Vrthm- L. Heath .
203

Long-Bone Deformities, A Method for Coriecting. Osteotomy-Osteoclasis. John Royal Moore 119

Long Bones, Painful, Non-Suppurative, Localized Scleiosis of the. With a Report of Two Cases. William

Mackenzie 49
Long Bones, Pseudartluosis of the. Isidore Blumeiifeld 97
Long Bones, Roentgenogiaphic Featui-es of Metastases of a Retinoblastoma to the. Report of a Case.

Ralph E. Rowen . . . 805
[Loose Bodies.] Chondi-omalacia Patellae. Jacob Bronitsky .... 931
[Loose Body.] Osteochondi'itis Dissecans of the Talus. R. Beverley Ray and Edw'ard J. Coughlin, Jr. 697
[Loose Body.] Osteocliondi-itis of the Supratrochlear Septum. Report of a Case. W. T. Ross 514
Low-Back Pain in Relation to the Disc Factor, An Analysis and Differentiation of. [Symposium.]

Arthur Steindler . 455
Low-Back Pain and Sciatic Pain Associated with Spondylolisthesis, Operative Ti eatnient for the Relief

of. Laminectomy and Foraminotomy with Chip Fusion. Hemy Biiggs and Sidney Keats . 328
Low-Back Pain With or Without Sciatica, The Disc Factor in. [Symposium.] J. Grafton Love 438
Lower Extremities, Experiences wdth Epiphyseal Ai'rest in Correcting Disci epancies in Length of the,

in Infantile Paralysis. A Method of Predicting the Effect. William T. Green and Margaret
Anderson

. . . . ... . . . 659
Lumbar Vertebra, Fifth, Backward Displacement of, in Degeneiative Disc Disease. The Significance of

the Difference in Anteroposterior Diameters of the Fifth Lumbar and Fiist Sacral Vertebrae
Gilbert H. Fletcher . . 1019

[Luxation.] Congenital Dislocation of the Patella. Case Report wdth History of Four Generations.
E. B. Mumford. . . . 1083

ttuxation.] Primary Congenital Subluxation of the Hip. Jacques Leveuf , 149
ttuxation.] Recurrent Posterior Dislocation of the Shoulder. J. C. R. Hindenach . . 582
ymphangioma. Primary, of the Ilium. Report of a Case. William H. Bickel and Albert C. Binders 517

M
Malignant Neoplasms Originating in Synovial Tissues (Synoviomata). A Study of Thirty-two Speci-

mens Registered at the Ai’my Institute of Pathology Dmdng the Wai-Time Period, 1941-1945.
Granville A. Bennett

. . 259
[Malleoli.] Fracture-Dislocation of the Ankle wdth Displacement of the Fibula Behind the Tibia.

David M. Boswoi th ... 130
Malleolus, Osteotomy of.] Osteochondidtis Dissecans of the Talus. R. Beverley Ray and Edwaid J.

Coughlin, Jr. . . . . . ggy
Coxae Senilis.] Functional Aspects of the Abductor Muscles of the Hip. Verne T. Inman . . 607

united Fractures.] Osteotomy-Osteoclasis. A Method for Correcting Long-Bone Deformities.
Jolm Royal Moore 119

'01,. 29, xo. 4, OCTOBER I94r



nUC'TUHr.-DlSLOC’ATIOV or Tin: TIIOHACOI^UMBAn M’lNi: 117

Fig 6

Case 7, J. W This is a case of fiactiiio-dislocation between the eleventh and twelfth thoracic

leitebrae, with complete paiaplegia, the patient did not lecoiei This film shows extensive
myositis ossificans aiound botli liip loints

Fig. 7

•
^ fractiii e-dislocation between the first and second lumbar

'ertebiae, with complete paraplegia; the patient did not recoimr. The film show's extensn’e
myositis ossificans around both hip joints.

I'ips, commencing about the fourth month. In one case, there was no evidence of a similar
condition elsewhere in the body; in the other, there was an abnormal ossification in the
^egion of the knee joint, and a larp stone subsequently developed in the patient’s kidne5^

^

oth instances, the urea excretion was poor; but no abnormalitj’- in the blood calcium
P losphoius, or phosphatase was noted. It has been suggested that this myositis ossificans

e due to one or both of the following factors:

'OL-29,J^O 1, J\KU\RY 1047
• ^ T
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1. The impaired urinary excretion of nitrogenous bodies, causing a mobilization of
calcium from the bones of the paralj^tic limbs. The normal blood chemistry is against this

although it must be added that experiments to determine calcium and phosphorus balance
were impossible because of wartime conditions.

2. A Charcot-like reaction around a denervated joint, subjected to the repeated minor
traumata of passive stretching by the masseuse.

CONCLUSIONS

1. The site of the lesion determines, to some extent, the possibility and the degree of

paraplegia. There is a higher relative incidence of paraplegia at the thoracolumbar junction

than in the lower lumbar region. This presumably is due to (a) the larger size of the

neural canal, and (b) the toughness of the cauda equina, as compared with the spinal

medulla.

2. The extent of skeletal damage is no indication of the degree of cord trauma. For

instance, in the thoracolumbar region, a simple interlocking of the articular facets, with

a minimum anteroposterior shift, is often associated with complete paraplegia; yet at this

site complete displacement must indicate complete transection of the cord. In the lower

lumbar region, however, gross displacement may be present without paraplegia.

3. The method of reduction seems to play little or no part in the possibility of re-

covery. In the small series under discussion, closed reduction seemed to give better results

than open, but it would appear to be doubtful whether reduction matters at all.

4. The prognosis, if reasonable care is taken not to inflict further damage on the cord

b}* careless handling, is surety decided at the time of the initial trauma.

5. The idea is disproved that stretching or attenuation of the cord may be an im-

portant cause in preventing recover}’’ from paraplegia in cases of fracture-dislocation with

interlocking facets.

6. The early appearance of the first signs of recovery of sensation or of motor power

is no indication of the eventual prognosis.

7. H3’perextension, particularly with anaesthesia, which produces complete muscle

relaxation, is to be condemned. In the present series, however, it has been tried in error

on several occasions without anaesthesia, without disaster; and in one case it resulted in

reducing the fracture-dislocation.

8. In the series examined, the dislocation, if reduced, has very often recm’red, but

without further signs of cord injury. Furthermore, this redisplacement is commonly asso-

ciated with spontaneous anterior or lateral fusion of the vertebral bodies, giving rise to an

excellent skeletal function.

One has not the courage, on the basis of such limited experience, to advise against

reduction in these cases; but an optimistic attitude must be adopted, whether reduction

is performed or not. Careful nursing and physiotherapy are necessary from the beginning.

These patients must no longer be discharged from busy surgical wards on the grounds that

the outlook is hopeless.
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should be made through healthy bone and, therefore, when the bone at the site of the de-

formity is abnormal, it is necessary to go just above or just below the site of the maximum
deformity). The base of the wedge is determined from the preliminary roentgenogram
and, as a matter of routine, it is always slightly larger than necessary in order to ensure an
easy correction. The wedge includes the cortex on the three sides of the bone The cortex

remaining on the one side is drilled once or twice with a three-sixteenths-inch drill. Very
gentle pressure is then applied to the bone in question to make sure that slight bending

occurs at the site of the osteot-

omy. The wedge of bone is then

cut up into small pieces, and re-

placed in the defect Tlie perios-

teum is carefully closed This is

a simple matter in growing lione,

but in adult bone it requires iiioie

care. Often the periosteum is only

a filament-like la}^!’ attached to

the adjacent muscle, but it will

still serve as a limiting membrane

and possibly as an osteogenic

F:g 2 layer if properly protected. The

Sketch showing wedge, chips, and caiefiil closure of the remaining soft parts are closed

peiiosteum
^ routine manner; the usual

Fig 3 Fig 4

Fig 3 Sketch illustiatmg lemoial of section of cast in pieparation foi osteoclasis

Fig 4 Cast following osteoclasis Note ciiculai section being lepaiied

Fig 5

Fig 6

o, upper end of «,e
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OSTEOTOJ^IY-OSTEOCLASIS

A jN'Ietiiod I'OU ConuECTiNG Long-Bone Deformities

BY JOHN ROYAE MOORE, M.D., PIIILABELPIIIA, PENNSYLVANIA

Numerous niclhods for the correct ion of deformities of the long bones are available

in recent and old textbooks and in the literature. In 1878 Macewen described what is now

known as the cuneiform osteotomy, employing it at that time for the correction of knock-

knee deformities. Numerous other types of osteotomies including linear, circular, block,

pivot, Z, telescoping, et cetera have been described. One of the principal difficulties in the

correction of long-bone deformities has been the jiroblem of prevention of displacement

of the fragments. This factor, more than any other, has been largely responsible for

the innumerable typos of osteotomies, only a few of which have been mentioned in the

preceding sentence. In recent years, internal fixation has been used to supplement the

various types of osteotomy and has gone far toward eliminating the difficulty of slipping.

However, the necessity of larger incisions, the usual hazards associated with more difficult

surgery, the increased danger of infection, and the risk of necrosis (electrolytic, thermal,

and ischaemic) have detracted considerably from the mechanical advantages.

The osteotomy-osteoclasis method consists simply in cutting the long bone almost

entirely in two, near or at the site of the maximum deformity, and then completing the

osteotomy by manual osteoclasis at a later period (twenty-one days in growing bone and
twenty-eight days in adult bone) . The osteotomy-osteoclasis routine was first employed
upon a severely malunited subtrochanteric femoral fracture, at the Shriners’ Hospital for

Crippled Children, Philadelphia, Pennsylvania, in 1934. A careful review of the literature

has supplied no reference to this osteotomy-osteoclasis routine, but it is highly probable
that it has already been described.

Osteotomy and osteoclasis are well-knowi
tions and occasionally combined at one opera-
fiou. In July 1939, Ferguson, Thompson, and
King reported a two-stage osteotomy.

A total of 225 operations of this type
have been performed to date. The long-bone
deformities consisted of malunited fractures,
sukjdosed joints wfith severe deformity of one
type or another, knock-knee, bow legs, coxa
''aia, humerus varus, cubitus varus, et cetera.

technique

A characteristic of the method is its sim-
P icity. The site of the maximum deformity is

jjPpi cached through the most direct route. A
inear incision, six to eight centimeters long,
made over the site of the deformity. Rou-

uie surgical technique is employed through
^u cutaneous tissue, fascia, and muscle, and
ov n as far as the periosteum. The periosteum

IS len split carefully and preseiwmd with the
most care. A wedge of bone is removed,

’ mr at the site of the maximum deformity
just above or just below it fthe osteotomy

procedures, usually done as separate opera-

Fig. 1

Drawing illustrating incision, incomplete os-
tcotonij’, and immobilizing cast.
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Fig. 15-A Fig. 15-B

Fig 15-A A. K., aged fifteen 5'ears. Maj' 20, 1943. Anteroposterior 1 oentgenogram of the light

humerus, upper third, illustrating a severe lateial bowing deformity.

Fig 15-B- September 22, 1943. Anteroposterior view, four months later. Note the conection of

the deformity, lack of displacement, and eailj' evidence of repair.

disturbance,

—

versons, arterial, or lymphatic. The sketches are illustrative of the method;

and the roentgenograms show some of the typical results.

DISCUSSION

Osteotomy-osteoclasis is extremely valuable in the correction of angulations, bowings,

and rotary deformities of long bones. It obAUously cannot be employed to gain length,

other than the apparent lengthening that follows the correction of the angulation of a

bowing deformity. The incision employed is small; and the closure is extremely simple,

since there is no distortion of soft parts, because the correction of the deformity is done

immediately. The approach is simple; and the time required for the wedge osteotomy is

only a few minutes. This minimizes the risk to older people.

The author has employed the procedure a number of times in the correction of

deformities of people beyond sixty years of age. The fact that there are two periods of

anaesthesia is objectionable, but the total anaesthesia time is much below the total em-

ployed in the usual osteotomy in the adult. It is not usually necessary to apply the splint

or the plaster at the time of operation; this can be added two or three days after the opera-

tion if necessary. In no instance has the patient objected to the second anaesthesia.

Follow-up roentgenograms are taken immediately after the osteotomy and, in case it is

too low or too high, the defect may be allowed to heal and the osteotomy may be repeated

at the proper level at a later period. In case there is infection in the neighborhood-sucli

as about the hip or the knee—which does not respond to treatment, hence theoretical y

postponing correction of a severe deformity indefinitely, it is possible to do the incomplete

osteotomy at a slightly lower level with a feeling of safety; and, should infection occur,

it is considerably less dangerous, because the osteotomy is incomplete. The osteotomy ma}

serve as a means of testing a dormant infection in an old scar. The delayed osteotoii^

produces distinctly less shock, and hemorrhages have never been an accompanying pioD

L In case the deformity involves two bones, as in the forearm or leg, it necessar t

do the incomplete osteotomy on both of the bones and preferably at the same levd, and f

course, in the same axis. In deformities of the
is no

of the fibula facilitates the osteotomy-osteoclasis of the tibia The fac 1
.

j
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Fig 7

Fig 7 Sketch illut-tiating Icchniquc em-
ployed in defoimilics of the lowci end of the
tibia

Fig 8 Incomplete wedge osteotomy being
employed just below fiactiiie site. Bone at fiac-

ture site is scleiotic and is not considcied piopei
for osteotomy.

Fig 8

dressing is applied; and a plaster-of-Paris splint or cast is applied, including the joint

below and the joint above the osteotomy site. The anaesthesia period is rarely longer than
ten or fifteen minutes and any of the standard anaesthetics may be employed.

At the end of twenty-one days in an individual with growing bone and twenty-eight
days in the adult, the patient is again returned to the hospital

;
and a cylindrical section

of the cast is removed at the site of the incomplete osteotomy. The true axis of the wedge
IS determined by preliminary roentgenograms and, if necessary, it is checked by fluoro-
scope The patient is given a light anaesthetic, and the osteoclasis is performed It is ex-
tremely important that the
axis of the wedge be deter-
aiined, so that the gentle / (

foice takes nlnep filnncr tbp ( ^ /I

axis of the wedge be deter-
mined, so that the gentle
foice takes place along the
pioper axis. The intact bone
is easily broken. The correc-
tion of the deformity is then
readily accomplished, and
with a minimal amount of

displacement of the frag-
ments. The defect in the
plaster is then filled in with
^abs and circular plaster.
The long bone of the child is

mid for an additional six
weeks and that of the adult
01 eight to twelve weeks, de-
pending upon the level of the
fracture (fracture in inid-
a raft in an adult for twelve
rr eeks, cancellous bone in an
adult for eight weeks)

.
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Sketch illustiating technique employed m sei ere flexion deform-
ity at the hip. Note location of wedge.



FRACTURE-DISLOCATION OF THE ANKLE
WITH FIXED DISPLACEMENT OF THE FIBULA BEHIND THE TIBIA^

BY DAVID M. BOSWORTH, M.D., NEW YORK, N. Y.

From Si. Luke’s Hospital, Neiv York City

In the past eighteen months, five cases of fracture-dislocation of the ankle joint have
been seen, in which satisfactory reduction could not be accomplished by closed methods.
On open exposure, a situation was found which, to the author’s knowledge, has not pre-
viously been reported. It is probable that many other such cases occur, and that bad results

ensue, due to lack of knowledge of the basic mechanical situation.

The first patient was seen in December 1944. Roentgenograms showed a typical bi-

malleolar fracture, with marked displacement (Fig. 1-B). On attempted closed reduction,

Fig. 1-A Fig. 1-B Fig. 1-C Fig. 1-D

Fig. 1-A: Faulty reduction, secured in fracture-dislocation of the ankle when the upper fibular

fragment was caught behind the tibia.

Fig. 1-B ; Original roentgenogram of fracture-dislocation of the ankle.
Fig. 1-C: Lateral view, following attempt at closed reduction, shows faulty position of talus

beneath tibia.

Fig. 1-D : Postoperative reduction, after fibula had been pried from behind tibia and the frag-

ments had been fastened with screws.

poor reposition of the talus beneath the tibia was secured, and even this could not be

maintained (Figs. 1-A and 1-C). An open exploration was done, and even at operation it

was impossible to determine at first why reduction could not be secured. Upon further

extension of the incision, it was found that the proximal portion of the fibula had been

displaced behind the tibia and was caught in back of the posterolateral ridge of the tibia.

The fibula was held in this position by the tight stress of the interosseous membrane above

A pry was inserted between the tibia and fibula; and, with considerable force, the fibula

was pried out from in back of the tibia and moved into its proper place with a loud snap.

Reduction of the fracture-dislocation was then secured easily.

In February 1945, Henry Briggin, M.D., called about a patient with fracture-

dislocation of the ankle in whom the fibula alone was involved. He had attempted to do

two reductions by aid of the fluoroscope within half an hour of the time of injury, but was

unable to replace the talus satisfactorily beneath the tibia. Indeed, when he had obtained

the reduction ns nearly as possible, the blood supply to the rest of the foot was lacking

A diagnosis was immediately made of posterior fixation of the fibula behind the tibia; ana

at operation, a few hours later, this situation was found to be present The fibula na

pried out from its displaced location, and the talus could easily be rep aced beneatl.

tibial border (Figs. 2-A, 2-B, and 2-C). In both of these instances, metal fl.xation of

fractured malleoli was done.

Mav
’ te AmS

Sprier

Virginia’, June 28, 1946. Aj
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relief of pain. From this, one can see the importance of recognizing the occasional case

with posterior displacement of the fibula behind the tibia.

Two other similar cases of fracture-dislocation of the ankle, with posterior fixation

of the fibula behind the tibia, have been seen. One patient, a woman, continued under

conservative care, with the talus displaced laterally under the tibia, for two years. The
malleoli became united with the tibia and fibula, but traumatic arthritic changes occurred

Fig. 4-A

Normal lelationsliip of fibula and tibia, as shown by photographs and roentgenograms

Fig. 4-B

but Shlht change on the lateral view.
.ohrnal of bone and joint suncrnr
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RESULTS

Of the 225 cases reported, lliero lias been no evidence of non-union, inalunion, or slip-

ping or displacement of fragments at the time of the osteoclasis. There has been no evi-

dence of fat embolism or embolic i)hcnomena of any kind. There has been no circulatory

Fig. 12-A

J. E, aged ti\entj'-one yeais. Roentgenogiam, taken May 10, 1944, showing bony ankjdosis of
the light hip. Note adduction deformity; seveie SO^degiee flexion defoimity was also present.

Fig 12-B

anteroposterior views of osteotomy site, October 3, 1944, five months later. Note
’ ’^client alignment, and lack of displacement.
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one will find that it passes transversely between the two bones instead of in an antero-

posterior direction, because of the displaced osseous structures. A great amount of force

is necessary for replacement, even with a pry. The reason all such fractures do not have
the upper fragment of the fibula impacted behind the tibia is that, in most of them, the

fibula breaks off (due to leverage against the lateral surface of the tibia) before it has been

swung backward over the posterolateral tibial ridge. The interosseous membrane is un-

doubtedly too tough and tight in most instances to allow displacement of the fibula to

occur before the fracture takes place.

Photographs and roentgenograms of an articulated specimen of a tibia and a fibula

show that, on the lateral view in normal position, the tibia and fibula become superim-

posed and lie almost in the same straight line (Pig. 4'A). It has always been felt, in inter-

preting roentgenograms, that the fibula would be at a posterior level, because the medial

malleolus is anterior to the lateral malleolus. This is not so, since the medial malleolus

really arises from the front half of the medial surface of the tibia. When the fibula is

slightly displaced and caught behind the posterolateral ridge only (Pig. 4-B), on the

anteroposterior view it appears to be in its normal position on the lateral surface of the

tibia. The lateral views, both in the photographs and the roentgenograms, show that the

fibula is truly caught behind the lateral ridge of the distal portion of the tibia. Oftentimes

roentgenograms are interpreted as showing no displacement of this upper fibular fragment,

because it is believed by the roentgenologist that the view taken was not truly lateral or

Fig. I'A (Harris) Fig. 1-B (Harris)

Fig. 1-C (Harris)
Fia. 1-D (Harris)
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THE FORjMATION AND SIGNIFICANCE OF VERTEBRAL ANKYLOSIS
IN TUBERCULOUS SPINES

BY JOSE PUIG GUKI, M.D., IOWA CITY, IOWA

From the Department of Orthopaedic Surgery*, State University of Iowa, loiva City

In reviewing the cases of tuberculous spond5rIitis at this Clinic, the author noted that
in a few cases the clinical healing of the process coincided with the roentgenographic ap-
pearance of a spontaneous fusion of the anterior spine. In the cases where a prolonged
roentgenographic follow-up was available, it was observed that these vertebral synosteoses,
or vertebral blocks, had been formed either by end-to-end contact of two or more vertebral
bodies after the destruction of the inteiwertebral disc and cartilaginous plates, or by re-

calcification and union of the remnants of several vertebral bodies which had been partially

desti’oyed dui-ing the early stages of the disease.

The amount of concurrent deformity of the spine, and the shape, structure, and speed
of formation of these synosteoses, were not Uniform. In some cases, they appeared in only

'

slightly deformed spines, and after periods of from two to three jmars; while in others, the

fusion of the anterior spine took place when a marked kyphosis was already present, the

formation of the block requiring a much longer period of time.

Interest in these vertebral blocks was aroused by the fact that the best clinical results

in cases of tuberculous spondylitis were observed in the cases which healed with a minimum
amount of deformity of the spine and with the formation of an osseous block which included

all the infected vertebral bodies. Follow-up of these cases, for long periods of time after

the clinical signs of activity had disappeared, failed to show either recurrence of the disease

or increase of the deformity. Consequently, a study was made of the conditions under

which the blocks were formed, to determine if they had any relationship to the age of the

patient, the location of the lesion, or the number of bodies involved. From a practical point

of view, especial interest concerned the possibilities of obtaining the blocks at will, either

b}'’ conservatii^e or surgical procedures.

Careful study of the spines which healed by the formation of vertebral synosteoses

showed that three main factors regulated the speed of their formation and final configura-

tion: the topographical distribution of the infection, the pathomechanics of the different

spinal segments, and the treatment.

A. Types of Tuberculous Spondylitis

The types of tuberculous spondylitis vary according to the topographical localization

of the primary focus. They have been giimn several names: Kaufmann described a cortical

and a central tuberculous spondylitis; Loeffler spoke of a "spondylitis tuberculosa anterior

superficialis” and of a “spondylitis tuberculosa anterior profunda”; Menard divided the

types into “cavernous” and “intervertebral”; Steindler described the anterior peripheral,

the central, and the epiphyseal forms; Calve and Galland described the group of the

“osteites vertebrales centrosomatiques”. Finally, Seddon introduced the term of “meta-

physial tuberculosis” and Hellstadius that of “paradiscal tuberculosis”.

In spite of the confusion produced by differences in terminology, it is evident that

nearly all the writers agree that there is a definite relationship between the localization of

the primary focus and the ultimate characteristics of the spondylitic process. The explana-

tions of the variation in the site of the primary focus have been based on the studies of

Lexer and his associates of the blood supply of the vertebral bodies. This subject has more

recently been reviewed by Wagoner and Pendergrass. The different sources of blood supp }

* Service of Arthur Steindler, MX).
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the wound is closed makes it imssil)lc to correct the angulation or bowing in both planes,

and to correct the rotary deformity in a way similar to that used in any flexible tubing.

CONCLUSIONS

The writei- feels that the method for the correction of long-bone deformities described

is fundamentally sound; that it is ajiiilicablc in the coi-rcction of any of the long-bone

deformities; and that it should be employed to the exclusion of major surgery and extensive

internal fixation whenever possible.

Note: Even tlioiigli the first ostcotoniy-o.stcoel.o.'^is was performed in 1934 when a preliminary report

was given by the writer, twelve >-ears were allowed to elapse, in order to accumulate a sufficiently large

group of cases for an analj’sis of the results.
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In the so-called epiphyseal or paradiscal tuberculous spondylitis, the process appears
on roentgenograms either as a progresswe thinning of the intervertebral disc, with or
without the presence of a circumscribed focus of osteitis, localized near the intervertebral
space, or as a destructive process, extending all along the paradiscal region of one or two
contiguous vertebral bodies. The rest of the vertebral body preserves its normal shape
and structure, except for slight signs of decalcification. In the central types of tuberculous
spondylitis, where the body as a whole presents signs of marked decalcification and soften-

ing, different phenomena occur.

In the first group of cases described, the resistance to pressure stresses of the infected

vertebral bodies was not greatly diminished. In all the cases of tuberculous epiply^seal

spondylitis, the patients had been walking and wmrking for one or more years before seeking

treatment, and in none was a collapse of the vertebral bodies observed. On the other hand,

among the cases of central spondylitis, a massive flattening of one or more vertebral bodies

was prone to occur, even while the patients remained in recumbency.

Another factor that influences the final shape of the vertebral synosteosis is the appear-

ance of the protective muscle spasm
;
from the onset, it produces a complete flattening of

the lordosis in the lumbar spine, thus allowing a uniform telescoping of the vertebral bodies

in the cases of the epiphyseal type.

Finally, the amount of destruction that takes place in each body, the number of

affected bodies, and the type of treatment are factors in the final configuration of the

vertebral blocks. These factors will be described in detail in the study of the clinical cases.

From the study of this series of cases, no conclusions were reached regarding the rela-

tionship between the final shape of the synosteosis and the different pathological types of

berculous spondylitis (productive, caseous, fibrocaseous, et cetera)

.

J
G. Treatment

The evaluation of the effects of the treatment upon the speed of the formation and

final configuration of the different types of vertebral synosteosis was made through tlie

roentgenographic study of our clinical cases. From them we selected only those that

fulfilled the following conditions:

1. Cases which had had roentgenographic check-up every three months, not only

during the active stage of the process, but for several years after a clinical cure had been

obtained

;

2. Cases that had healed by the formation of a sjmosteosis on the anterior spine;

3. Cases of tuberculous spondylitis proved by guinea-pig inoculation of pus obtained

from an abscess; or, in the cases without superficial abscesses, patients with a typical clin-

ical and roentgenographic process, plus a proved tuberculosis of some other part of the

body;

4. Cases without secondary infections or sinus tracts.

Sixty-one spondylitic lesions fulfilled the above requirements. Cases of adult and in-

fantile tuberculosis were studied separately. More detailed data about localization, age of

the patients, and clinical characteristics, will be given in the discussion of each of the

different groups.

TUBERCULOUS SPONDYLITIS IN ADULTS

1 Formation of Vertebral Sijnosteoses in Cases of so-called Epiphyseal Spondj/litis

Twenty-five spondylitic foci wmre found. In twenty of them the tuberculous process

was proved by positive guinea-pig inoculations. In the remaining five, the possibility ol

any other type ol infection was mled out repeatedly by the clinical and '

prLcss, agglutination tests, blood cultures, et cetera. In addition, each of these pat.enls

had an associated preyed tuberculosis in some other region of the body.
^

The lumbar region was involved seventeen times: the thoracic spine in five
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Fig. 2-C J’ig- 3-C

Fig.2-A: Fracture-dislocation of the ankle before reduction, with fibula caught behind postero-
lateral ridge on tibia.
Fig.2-B: Showing the best closed reduction that could be secured. At the time these roentgeno-

grams were taken, the foot circulation was shut off by mechanical pressure of the fibula against the
posterior vessels.

Fig. 2-C: Eeduction has been obtained by open operation, use of a pry, and fixation of the
lateral malleolus with a screw.
Fig.3-A: Original reduction of fracture-dislocation of the ankle, with fibula caught behind tibia.

R^ntgenograms show incomplete reposition of talus beneath tibia.

Fig. 3-B : Result of fifth attempt at closed reduction. Faulty reposition of talus under tibia and
widened ankle mortise are shown.

Fig. 3-C : Final result in a fracture-dislocation of the ankle, with fibula caught behind tibia.

Attempt at closed reduction was unsatisfactory. Solid malunion was present before ankle fusion
was done.

The third case was seen at the Mary Fletcher Hospital in Burlington, Vermont. The
patient appeared with the typical clinical findings of malunion of a fracture-dislocation

of the ankle, which involved the lateral malleolus alone. Roentgenogi-ams showed incom-
plete reduction of the talus beneath the tibia and the typical findings of posterior displace-
ment of the upper fragment of the fibula behind the tibia, although to the casual observer
the fibula did not appear so displaced (Figs. 3-A, 3-B, and 3-C) . Reductions had been done
on November 17 and December 1, 1944; two reductions were done on December 3; and an
attempt at re-reduction was made on December 11. In desperation, the surgeon finally
accepted the bad situation. The cast was still in place when the patient was first seen by
the author, four months later. Arthrodesis of the ankle joint was done for disabilitj’- and
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thoracolumbar junction in three cases. The average age of the patient at the time of onset
was twenty-six, the youngest being nineteen and the oldest thirty-seven. Associated tuber-
culosis of the lungs was present in fourteen. The pulmonary process began two to three
years before the spinal symptoms in six cases; in one it started six years before. In the
remaining cases, the pulmonary involvement was discovered in the routine chest plates,
taken in the examination of every case of suspected osseous tuberculosis.

In twenty cases there was a subcutaneous abscess, this being the first clinical sign in
three of them.

Except for those that were already in recumbency for some other type of tubercu-
losis, most of the patients were seen for the first time one or tv^o years after the onset of the
clinical symptoms. None had had any previous treatment, and all had been walking and
working up to the time of admission.

All these patients were treated by prolonged periods of conservative treatment. Fol-
lowing this, if the general condition, roentgenograms, and laboratory tests showed that

the condition was in the heaJing stage, and no'other active tuberculous focus was present

in another part of the body, a fusion of the spine was performed. The technique used was
the one described by Steindler. Following the surgical fusion, the patient remained in a

plaster bed from three to four months, following which he was allowed to get up with a

body cast for about three months, and finally a body brace was applied.

This series does not include cases treated exclusively by an early surgical fusion of

the posterior spine. However, there were fifteen cases which were treated only by conserva-

tive measures, due to the presence of some other active extraspinal tuberculous focus,

which necessitated keeping the patient in recumbency. During this time, a spontaneous

fusion of the anterior spine occurred, and a surgical intervention was not performed.

Roentgenographically, three groups were most frequently seen:

First, there were cases characterized by a progressive and slow thinning of one inter-

vertebral space. This thinning was usually accompanied by a subcutaneous abscess, and

after three to four years the two vertebral bodies became directly superimposed (Fig. 1).

The outlines and structure of the vertebral bodies remained very distinct throughout the

duration of the process; and, in spite of the close contact, no osseous trabeculae running

from one vertebral body to another were seen. These unions were considered to be fibrous

unions.

Secondly, there were the cases characterized by the presence of a small destructive

focus, localized immediately below or above the intervertebral space. If in the roentgeno-

gram this focus appeared in the center of the body, the evolution of the process was usually

identical to those just described. However, if the anteroposterior or lateral view showed

that this destructive area was localized near the margins, after a period of thinning of the

disc lasting between one and two years, a partial and osseous synosteosis between the ver-

tebrae appeared (Figs. 2 and 3) . As a rule, after this synosteosis had taken place, the re-

maining intervertebral space was spared. These unions were classified as partial osseous

blocks.

Finally, there were the cases in which the destructive process was e.xtended all along

the paradiscal region of one or two vertebral bodies. The destruction of the intervertebral

disc, as observed in the roentgenograms, was slow but complete; the two vertebrae became

approximated by telescoping and the end result was a total and osseous union of two ver-

tebral bodies (Figs. 4-A and 4-B) . In some of these cases, the process started in one body

and spread to the contiguous one; in others, the process started simultaneously in both of

them a phenomenon which can be explained on the basis of the characteristics of the

arterial circulation. As demonstrated by Hanson and later by Solotuchin, the same branch

of the posterior vertebral artery supplies the apposing surfaces of two contiguous verte-

Peripheral new-bone formation was observed in only four cases without sinuses,
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Fig. 4-C

Roentgenograms confirm the photographic findings of marked posterior displacement of the

fibula behind the tibia. With the osseous structures of the foot and the lateral rnalleolus in place,

faulty roentgenographic interpretation is generally made, even in this grossly displaced situation,

because the interpreter believes the picture was taken in rotation or at an angle.

in the ankle joint and pain persisted. Two years after the fracture, the patient was seen

by the author and ankle fusion was performed.

A police officer, who was seen nine months after injury, had union of the fibular

fracture and widening of the tibial mortise. A diagnosis was made of posterior fixation

of the fibula behind the tibia
;
at operation, this diagnosis was confirmed. The widening

of the tibial mortise could not be overcome, even with the lateral malleolus .separated

entirely from the fibula above and from all other structures except the collateral ligament,

until the proximal fragment had been displaced from behind the tibia and returned to its

normal location. This was apparently due to the traction attachment of soft tissues from
the talus and calcaneus to the proximal fragment of the fibula. Since the patient was an
active and youthful person, reconstruction of the ankle mortise was attempted by simple
fixation of the fibular fragments with screws. Six months after the operation, this patient
returned to light police duty and has no demonstrable defects in or about the region of
his damaged ankle.

The author believes that the situation described arises as follows: As the foot twists
under the talus, with the leg continuing to push forward and to rotate outward, the lateral

collateral ligaments draw the intact fibula behind the tibia. Continuation of the force
rotating the talus backward and out from its position beneath the tibia causes further
force on the lateral collateral ligaments; finally, the fibula is broken off against the
posterior tibial border, as one would break a bone over a wedge in doing an osteoclasis.
Following the fracture and the cessation of the forces, there is nothing left attached to the
upper fragment of the fibula by which it can be drawn back into place. One may tear off
le periosteum and swing the talus under, or nearly under, the tibia. It is impossible,
however, to force the upper fibular fragment back around the posterolateral ridge on the
over tibia, because of the tight pull of the still intact interosseous membrane. b
insertion of a pr}'^ between the two bones will enough lermrage be produced to
1 ula in its proper location on the lateral surface of the tibia. Upon insertin
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the recumbent period for completion of the vertebral block. The posterior surgical fusioa
can be used in these cases as a means of increasing the spinal stability, and thus obtaining
a better protection during the first months of resumed activities. However, it is interesting
to remember that, as Seddon obtains similar results by the use of a body brace, the surgi-
cal fusion should not be considered essential and should be used only in the cases in which,
due to the localization of the process, complete immobilization cannot be obtained with a
body brace.

The prognosis of these blocks was excellent, regardless of type. Hot only was the
amount of spine defoi’mity minimal, but observ'^ations o^'^er periods ranging from two to

ten years after the clinical arrest of the process, failed to show signs of collapse or reactiva-
tion of the process. This was true in the cases surgically fused, as well as in the cases

treated conser-^'ativel}'' throughout.

2. Formation of Vertebral Synosteoses in Cases of Central Tuberculous Spondylitis

The tuberculous infection may spread inside the vertebral body, producing a diffuse

tuberculous osteomyelitis. In some cases observed during the early stages of the disease,

the lesion was clearly localized at the center of the vertebral body, and later produced a

secondary involvement of one of the intervertebral spaces. However, in most of tlie cases

seen several months or years after the onset of the clinical signs, it was impossible to ascer-

tain the localization of the primary focus. In onlj’- two cases of this group of central spondy-

litis did the process start as a progi’essive thinning of the intervertebral disc. They differed

from the ones belonging to the group of epiphyseal spondylitis, in that the disappearance of

the intervertebral space, as seen in the roentgenogram, was complete six months after the

onset of the clinical symptoms.

Fifteen spondylitic lesions which fulfilled all the requirements already described were

included in this study. Three of them were proved cases of tuberculosis by guinea-pig in-

oculation of pus obtained from a paravertebral abscess. There was an active tuberculosis

of the lungs in ten cases, of the kidney in two, and of the hip in one.

The age of the patients was between seventeen and fifty-three, the average being

twenty-six years. The lesion was localized in the lumbar spine in four cases; and in the

thoracic segment, in eleven cases. In all of these eleven thoracic cases, abscesses were evi-

dent in the roentgenograms. None of these abscesses became superficial.

In five cases the pulmonary sj^mptoms started two years before the spinal ones. In

one case, the pulmonary infection was discovered two months prior to the spondylitic

lesion. In the others, the lesions were found during the routine check-up on admission.

In all cases the original lesion was confined to two vertebral bodies, with total de-

struction of their corresponding intervertebral spaces. In only two cases did the process

invade two additional vertebral bodies before reaching the healing stage. Widespread de-

struction of multiple vertebral bodies and intervertebral spaces was not observed, even in

the cases in which there was a secondaiy anterior involvement of several vertebrae above

and below the primary focus.

There were several factors that made the formation of a vertebral block somewhat

different in these cases from those belonging to the gi'oup of paradiscal spondylitis: First,

the roentgenographic disappearance of the intervertebral space was a rapid phenomenon,

as was also the spreading of the infection into the two contiguous vertebral bodies. Second,

due to the more intense destruction of the vertebral bodies, the appearance of wide gaps

between the spinal segments was frequently observed. Third, the intrinsic resistance of

the vertebral bodies was diminished in such a way that the phenomenon of sudden collapse

was prone to appear. Fourth, anterior involvement of several bodies above and behw the

• ^
WJV? freouentlv seen. Fifth, central or peripheral new-bone formation, in-

primary ^
®V^etween the enmants of the vertebral bodies, after the de-

:”;Sod “s obse.ved; and, consert the fetation of a h.och
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truly anteroposterior. In the badly displaced upper fibular fragment (Fig. 4-C)
,
there

should be no difficulty in interpreting the roentgenograms properly, if the roentgenologist

understands that posterior fixation of the fibula behind the tibia ean occur in fracture-

dislocation of the ankle. Actually, the interpretation is generally wrong, because the

possibility of such a situation has not occurred to the roentgenologist.

Having these facts in mind, if one reviews the roentgenograms for the first three cases

presented here, it will be noted in each instance that gross discrepancies appear in the

roentgenograms, pathognomonic of posterior dislocation of the fibula behind the tibia, and

that in no preoperative roentgenogram shown was the fibula clearly seen to be in its normal

relationship to the tibia.

summary

In fracture-dislocation of the ankle, one should make sure that the upper fragment

of the fibula is not caught behind the posterolateral ridge of the tibia. In some instances,

fracture of the lateral malleolus docs not occur until the foot has twisted beneath the ankle

joint, drawing the fibula behind the tibia and breaking it off against the posterior margin

thereof. When this occurs, the fibula is firmly caught and needs open reduction with a pry

;

severe disability is likely to occur unless accurate replacement is made by operative means.

DISCUSSION

Dr. R. I. Harris, Toronto, Ontario, Canada; A recent experience, fresh in my memory, is clarified

by Dr. Bosworth’s presentation. It can best be presented by illustrations. Figure 1-A shows the fracture-

dislocation sustained by a farmer, forty-seven years old. In Figure 1-B is seen the result obtained by
manipulations. Figure 1-C shows the best result which could be obtained by repeated manipulations.

Open operation was undertaken. The lower end of the upper fibular fragment was deeply buried
behind the tibia. It was fixed firmlj' in this position, and strongly resisted replacement. Unlike Dr. Bos-
worth, we did not detect the true state of affairs. Strong leverage finally shifted the fragment, which
then suddenb’- snapped back into something like its normal position. It was secured to the lower
fragment by a suture of stainless-steel wire. The result of the operation is shown in Figure 1-D.

I now recognize that this difficult fracture problem was of the type described by Dr. Bosworth. It is

well that it should be recorded, for I feel certain that his observations will explain hitherto unsatisfactory
results.
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increase of the deformity, reactivation of the process, or phenomena of sudden collapse.

As far as spine deformity is concerned, the end results could have been much better

in a high percentage of cases. One of the main reasons for the failure to control deformity
was the inability to determine the exact moment when the patient should resume the stand-

ing position. As a rule, they were allowed to get up before the vertebral block was capable

of withstanding daily stresses, sudden collapse sometimes occurring a few weeks afterward

(Figs. 7-A and 7-B) . For this reason, it was important to determine what roentgeno-

graphic signs differentiate an unsound vertebral block from one capable of preventing

further increase of the deformity. The conclusion was reached that a vertebral block, ap-

pearing after a central spondylitis, cannot be considered sound, unless it fulfills the follow-

ing requirements;

1. The outlines should be sharp and well defined. In the cases where a central cavity

is present (Fig. 6) ,
the outlines of this cavity should also be sharp and well circumscribed.

2. The density of the vertebral block, as shown by roentgenogram, should be equal to

that of the surrounding non-affected vertebrae.

3. No signs of erosion should be present in either the upper or the lower articular sur-

faces of the newly formed vertebral body.

4. No paravertebral soft-tissue shadows should be present, especially if the lesion is

localized in the thoracic segment.

In the thoracic and thoracolumbar segments, a block with all these characteristics was

obtained only after from five to seven years of recumbent treatment. The question arises

as to whether we are justified in keeping a patient in recumbency for such a long period of

time, or if it is possible to obtain similar results in a shorter^period by surgical fusion of

the posterior spine.

The advantages and disadvantages of fusing a tuberculous spine have been discussed

in detail by Steindler, and consequently only a brief resume of our findings is necessary.

Our conclusions are based on a comparative study of the end results in the patients fused

after a vertebral block had been obtained and those fused and allowed to get up before an

anterior synosteosis had occurred. The findings were as follows:

1. In cases of central spondylitis when the patient had been treated by recumbency

Fia 7 A

Rg,7-A-. A casett foS '
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to the different parts of a vertebral body will explain the different topographical types,

which, in spite of the complex variety of names suggested, may be basically reduced to

three; anterior, central, and epiphyseal.

In recent years, several authors (including Schmorl, Seddon, Junghanns, and Doub

and Badgley) have taken exception to the term “epiphyseal tuberculosis”, and several

other terms have been proposed as substitutes. There is no doubt that the term “epi-

phjfseal” is incorrectly used in most of the cases; because this particular type of tuberculous

spondylitis appears frequently in adults after the secondary centers of ossification of the

vertebral bodies have already fused, and very seldom is the process confined to the so-called

vertebral epiphysis. On the other hand, the recent studies of Schmorl and Junghanns tend

to deny that the secondary centers of vertebral ossification are true epiphyses. For these

reasons, the term “metaphysial tuberculosis” (Seddon) or that of “paradiscal tuberculosis”

(Hellstadius)
,
is more in accord with our present knowledge of anatomy. This latter term

will be used frequently, because it does not infer the accepted existence of a true vertebral

epiphysis, meaning only a tuberculous process localized at the portion of the vertebral body

contiguous to the intervertebral disc.

B. Patliomechanics of the Tuberculous Spine

In order to understand the final configuration and the mechanism of formation of the

vertebral blocks, it is necessary to take into consideration the patliomechanics of the

different spinal segments.

Due to the fact that, in tuberculous spondylitis, new-bone formation is as a rule non-

existent or very slight, the formation of a vertebral synosteosis is possible, in the great

majority of cases, only after the approximation and superimposition of the affected verte-

brae have taken place. This approximation can be performed either along a longitudinal

axis (telescoping)
,
by flexion in the sagittal plane of one spina] segment upon the other

(called “inflexion” by Menard)
,
or, in a minimum number of cases, by flexion in the frontal

plane (the so-called tuberculous scoliosis)

.

As described in detail first by Menard and more recently by Calve and Galland, due
to some anatomical peculiarities, the amount of telescoping and “inflexion” that may take
place between two vertebral bodies varies in the different segments of the spine. In the
lumbar region, because of the size of the discs, the vertical position of the articular facets,

and the relative narrowness of the pedicles, a marked amount of telescoping may take
place. Conversely, the telescoping is minimum at the thoracic segment. In the cervical
spine, the interposition of the transverse processes, after the destruction of the vertebral
bodies has taken place, interferes with the telescoping.

As far as the tendency towards forward flexion is concerned, the maximum possibilities
are found in the thoracic spine. In this segment, the loss of the nucleus pulposus produces
a posterior displacement of the center of motion between the twm vertebrae, a subluxation
at the level of the articular processes, and an increase of the amount of body weight to be
supported by the anterior part of the vertebral body. Later, if a complete destruction of
one or more vertebral bodies has taken place, the orientation of the thoracic articular
acets will allow the backward and downward displacement of those neural arches that
lave lost their connections with the anterior spine, thus producing a still further increase
of the deformity.

None of these peculiarities is present in the cervical and lumbar segments wdiere, as a
lu e, the deformities are much less pronounced. In the cervical segment, especially, the
in exion” is always incomplete, because of the interposition of the transverse processes.

iowever, these regional characteristics alone cannot explain the differences in the

sl”""^

different vertebral blocks. There are several other factors that
Sfiou be taken into consideration; one of these is the decrease in the resistance of the body

le ^ ertebra to pressure stresses, secondary to some types of tuberculous spondylitis.

’ TlVIURvifUT
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In three cases, the infection involved three vertebral bodies. The pattern of for-
mation was quite uniform. After the acute stage was over—during which the centrally
situated body practically disappeared—recalcification took place and two of the affected

vertebrae united, forming a block which was unsound because it did not include all the dis-

eased vertebral bodies. A sound block was obtained two or three years later, which included
all the affected vertebral bodies (Figs. 8-A, 8-B, and 8-C) . Observations from three to

six years after resumption of activities demonstrated a complete healing of the process.

In twelve cases, the process involved

four or five contiguous vertebral bodies

In these cases the final shape of the block

was directly related to the amount of

j

compression and wedging suffered by the

’ two or three vertebrae most centrally

situated. The two vertebral bodies situ-

atecf at the extremes of the row, w/ii/e

presenting phenomena of erosion of the

articular surface facing the center of the

row, retained their normal structure and

configuration fairly well. In the cases in

which weight-bearing was not allowed

until the most centrally situated bodies

' presented signs of good recalcification,

the spine deformity was not too marked.

.. On the other hand, if the patients were

allowed to get up before this recalcifica-

tion and final block formation had taken

Fig S-A place, whether or not a spine fusion had

Showing affected vertebrae been done, the most centrally situated
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Fig. 4-B

two vertebral bodies.

proved by guinea-pig inoculation. It appeared not earlier than one year after the onset of

the clinical signs.

We were interested in knowing how much a posterior spinal fusion influenced the

development of these blocks, especially from the point of view of accelerating their forma-
tion. For this purpose, the cases treated by prolonged recumbency alone and those treated

by shorter periods of recumbency plus posterior surgical fusion, were compared. The con-
clusions obtained were as follows: (1) Independent of the type of treatment used, the

roentgenogi’am showed that the type of vertebral block was related to the rapidity with
which it was formed; (2) the surgical fusion of the posterior spine did not accelerate the
formation of a vertebral block.

Under conservative or surgical treatment, the most rapid formation of vertebral syn-
osteoses took place in the cases with circumscribed foci, localized near the margins of the
vertebral bodies. Such a focus produced a partial osseous synosteosis in an average time
of one and one-half years after the onset of the clinical symptoms. Next were the cases
presenting a total destruction of the paradiscal regions; in these cases osseous ankylosis
was complete in an average of three to four years after the onset of the clinical symptoms.
Finally, in the cases characterized by a progressive thinning of the intervertebral space,
fibrous union was obtained in from four to five years. The eventual transformation of this
fibrous union into osseous synosteosis was observed in two cases, seven years after tbe
onset of the clinical symptoms.

Some writers (Hibbs, Albee, Allison and Hagan) emphasize the point that a surgical
usion of the posterior spine should be performed as early as possible, in order to obtain
le best result in tuberculous spondylitis. In our scries there wms only one case fused dur-

ing the early stages; therefore, we are unable to confirm or deny this point. However, it is
interesting to note that several authors (Calve, McKee, Seddon) believe that the early
application of an osseous graft will interfere wdth the future formation of the vertebral
sjmosteosis.

From our experience, it may be stated that, if a posterior spinal fusion is performed

I'

len the process is in the healing stage and there is only a very small gap between the^0 involved vertebrae, it does not interfere wdth the final formation of a block. In other

^
ords, if the general condition of the patient allows him to be ambulatory and there areno other contra-indications arising from the vertebral lesion, it is not nece.^sary to prolong

'OL. 29, xo 1. JAXUARV in4T
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and luxation. Most of these differences, which are outlined in the schematic drawings
(Figs. 2-A and 2-B)

,
may be readily discerned on arthrograms.

The Acetabulum

In subluxation, the cartilaginous roof and the limbus, forced by the head of the femur
against the external iliac fossa, always appear atrophied. By this pressure, the cavity is

worn down in its upper part and generally takes on a “scooped-out” appearance, which is

characteristic. This compression and atrophy of the cartilaginous roof present one of the

essential points to be kept in mind in a consideration of the treatment of a subluxation.

In luxation, on the other hand, the cartilaginous roof and the limbus are forced toward

the acetabulum. In such a case the limbus is always more or less hypertrophied. The
appearance of the hypertrophied limbus in the arthrograms contributes to the creation of

a constriction of the articular capsule, known as the “hourglass contraction”, hloreovcr,

the hypertrophied limbus frequently remains interposed between the head and the aceta-

bulum during attempts at closed reduction of the luxation,—a point upon which I cannot

enlarge in this article, which deals only with subluxation. However, apart from the inter-

position of soft parts, the acetabulum in a luxation generally retains a satisfactory depth

with a well-developed roof. This fact has already been observed in England by Fairbank,

as a result of the examination of the pelvis of subjects suffering from congenital luxation,

who had reached an advanced age without any attempt at reduction having been made.

The worn down or shallow acetabulum, therefore, is the characteristic of subluxation,

and not of luxation, as is stated in orthopaedic textbooks.

'he Head of the Femur

In subluxation the femoral head is deformed very early. It is enlarged, being widened

iiansversely, as well as flattened at its supero-internal pole. This is shown in arthrograms

of very young children, where the contour of the cartilage of the head, indicated by the

contrasting medium, reveals this hypertrophy even when the osseous nucleus is poorly

developed.

Givi, seven months old. Roentgenogram

'IG. 1-A

not clearly diSerentiate luxation from sublu-vation.



VEUTEBRAL ANKYLOSIS IN TUBERCULOUS SPINES 143

Fig. 5 Fig. 6

Fig. 5: New vertebral body, formed by the lemnants of two affected vertebrae. This patient had
tuberculosis of the spine, associated with tuberculosis of the lungs.

Fig. 6: Synosteosis of two vertebral bodies in a healed case of proved tuberculosis of the spine.

depended upon the ability of the involved spinal segment to obtain an approximation be-
tween the partially destroyed vertebral bodies.

Taking all these differences into consideration, we may summarize the formation of
these blocks as follows:

When the destruction of the anterior walls of the infected bodies was not marked, the
gap formed during the destructive stage was predominantly obliterated, either through
telescoping or forward flexion, according to which one of the spinal segments wms involved.
Later on, a new vertebral body appeared, formed by the fusion of the vertebrae which
had been partially destroyed. The new-- synosteosis had an anterior wmll, sometimes only
one-half or one-third the size of that of a normal vertebra (Figs. 5 and 6)

.

If the destruction of the anterior wmll of both infected vertebral bodies had been far
advanced or complete, the anterior involvement of several vertebral bodies situated above
and below the primary infected vertebrae w'as frequently observed. The forward flexion
of the upper spinal segment started during the early stages of the process. In the thoracic
and thoracolumbar segments, the process continued unchecked until contact was made
anteriorly between the upper articular surface of the more cephalically placed vertebral
0 y and the lower articular surface of the body of the more caudally situated vertebra,
ins producing the appearance of a triangle in the roentgenogram. As a rule, unless these

pa lents were kept in recumbency for very long periods of time, the deformity increased,
3n yo more contiguous vertebral bodies became involved. In the lumbar segment, the
en Mcy toward forward flexion and kyphos formation was much less pronounced.

were some exceptions to this general development. Some of the cases were
I® fhose described by Hellstadius under the name of “vesicular type” of tuberculous

characterized by a slow and progressive destruction of the fourth

'!urf

body and intervertebral disc, wdth slight erosion of the upper articular

1

^ lumbar. In general, these cases followed more or less the pattern ob-
e in the epiphyseal type of spondylitis.

block^
cases of central spondylitis wdiich healed by formation of a vertebral

Pnllrin-^^
ankylosis of the spine was obtained, wdiile the patients were in recumbencv.up rom three to five years after the clinical healing of the process show^ed no

’O VP 1 TivrrARv i<)4r
* * O ^
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It is clear, therefore, that the interposition of soft parts (the limbus, the round liga-

ment, and the lower fold of the capsule) is the rule in luxations, where it constitutes an

obstacle to reduction. Such an interposition of soft parts never exists in subluxation.

The Neck of the Femur

In subluxation one often finds a valgus of the neck, the angle of which measures from

Roentgenogram of a girl, twenty-one
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for periods of from (hroo (o five years, fused, and allowed to get up with a body cast three

or four months after fusion, but before a sound vertebral block of the anterior spine had

been obtained, the surgical fusion did not:

a. Produce the formation of a sound block;

b. Prevent further flexion of the spine;

c. Prevent (he aiipcarancc of jiathological fractures;

d. Prevent the spreading of the process to the surrounding vertebrae;

e. Prevent the apiicarance of new abscesses;

f. Prevent (he appearance of neurological complications.

2. On the other hand, in the patients not allowed to get up until after a sound block

had been obtained by conservative means, no signs of reactivation or collapse have been
observed, whether or not fusion had lieen jierformcd.

In the presence of these findings, it would be erroneous to conclude that the posterior

fusion of the spine is of no value in the treatment of tuberculous spondylitis. This could

be accepted, if a vertebral block could be obtained in every case of central tuberculous

spondylitis. Unfortunately, due to the extension of the process, to its intensity, or to some
peculiarities of the involved spinal segment, in some cases, an anterior synosteosis of the

anterior spine docs not take jdacc, in spite of the use of very prolonged periods of recum-
bency. This occurs frequently in children, and in these cases the fusion of the posterior

spine, while not ensuring against further increase of the process or of the deformity, in-

creases the stability of a vertebral column, weakened by the process, by the “inflexion”,

and by the local subluxations.

In short, a sound vertebral block should be obtained every time that it is possible,
even if it means prolonging the recumbency period; because it ensures a better prognosis,
as far as the future stability of the spine and the healing of the process are concerned.

TUBEHCULOUS SPONDY'LITIS IN CHILDREN

^^^^^lethe general mechanism of block formation in children is similar to that ob-
served in adults, the study of this series of cases revealed some peculiarities that warrant
a further description.

In the first place, the division between epiphyseal and central types wms noc as defl-
' and, due probably to the size of the vertebral bodies, it was not infrequent to observe

a primary epiphyseal infection extended far inside the vertebral body. Sec-
a

, it was much more common to observe involvement of several contiguous vertebral

hi
the number of cases in wdiich a block could not be obtained was much

blLr adults. With the exception of twm cases, no sound vertebral

Fou tl

observed, if the tuberculous process involved more than five vertebral bodies,

block I’

localization to two or three vertebral bodies, the configuration of the

^Offletimes improved during the growing period.

^’Iiich r
cases studied included twenty-one spondylitic foci in children, each of

pared -qf formation of a vertebral block. These twmnty-one cases were com-
^ ®^^"*^ral others of a similar type, in which no vertebral synosteosis had been ob-

“^g^.d'iring recumbency.

by
_cases that healed by formation of a block were cases of tuberculosis, proved

of jbg j
fooculation. Those remaining had a proved tuberculosis of some other part

In
° oases of spondylitis without sinuses.

servativTt
process was confined to turn vertebral bodies. Under con-

Ibe cliu’^
I’^^Iment, osseous synosteosis was obtained three years followdng the onset of

Ibe proces
Observation, from three to seven years after clinical healing of

of tlio
obtained, showed no reactivation of the process or further collapse

'IIL SplllQ^
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of his cases) . This anteversion exists even in very young patients. It is therefore very
early, if not primary. The degree of this anteversion undergoes practically no change in

the course of life.

In luxation, on the contrary, there is no valgus of the neck. The anteversion is found
only exceptionally in young subjects. In the course of life it increases progressively, and
may reach a high degree in elderly subjects suffering from high luxation. In luxation,

therefore, the anteversion seems to be secondary and late.

All these anatomical differences between subluxation and luxation are tabulated

(Table I) . They are easy to recognize and exist in the majority of cases.

In the course of our surgical experience, which is already considerable since it is based

upon over 250 cases of luxation and subluxation, we have observed not more than two

cases which may be exceptions to the rule,—that is, cases in which characteristics of both

luxation and subluxation were found together.

It follows from my studies, therefore, that subluxation and luxation represent differ-

ent malformations.

Developmentally it can be seen that, in luxation, the head may, in time, rise higher.

My arthrographic studies have established that the proportion of high heads with narrow

hourglass capsular constrictions increases with age, but we are still within the domain of

luxation.

In subluxation, on the other hand, one may see the acetabulum wear down gradually

H* the head become deformed to a maximum degi-ee, but the subluxation remains always

1 subluxation. In our opinion, not one well-established fact can prove that a subluxation,

showing the characteristics which have been described, can become a luxation. Moreover,

Lt is inconceivable that the limbus, forced upward and atrophied, as it is in a subluxation.
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vertebral bodies were markedly crushed and destroyed. The process of collapse of the spine

continued as a rule until the two most distally placed vertebral bodies established partial

contact at the level of their anterior parts.

In five of this group of twelve cases, spine fusions were performed after the children

had been in recumbency for five or six years, at which time an anterior vertebral block was

already present. In six other cases, in which also vertebral blocks had been obtained by

prolonged recumbency, no surgical intervention was performed. The remaining patient

was treated by recumbency during only one 3’’car; fusion was done; and the child was al-

lowed to get up five months later in a bodj’^ cast. Rocntgenographic check-up for several

3’^ears showed this to be the onlj’^ one of this series in wdiich no block had been obtained, and

in which the deformity continued to be progressive.

When the tuberculous process had affected more than five contiguous vertebral bodies,

sound blocks were observed in only two cases. In both cases, the process had affected the

whole lumbar spine and the last two thoracic vertebrae. Under conservative treatment,

synosteoses, including all the diseased vertebrae, were produced.

In the other cases, no blocks could be observed. For comparative purposes, the progress

of these cases for several jmars was observed. All had been under periods of conservative

treatment for four or fiAm jmars. In practically all cases, in spite of the use of hyperexden-

sion and traction, the deformity increased and the process continued to progress for sev-

eral years. Later, after spine fusions, these patients were allowed to get up, and invariably

the spine deforraitj’- became more accentuated.

IWiether or not this marked destruction and deformity could have been prevented,

either by combining fusion and recumbency or by performing a very early fusion of the

spine, cannot be stated. HoweAmr, it is at present our conclusion that the surgical fusion of

the posterior spine is not capable of preventing an increase of the deformity when the an-
terior spine is mechanically unsound, because of the presence of gaps, marked destruction,

or decrease of resistance of the Amrtebral bodies.

CONCLUSIONS

The effects of a given treatment upon the evolution of a tuberculous spondylitis cannoi
be properly evaluated, unless the different topographical types of tuberculous spondylitis
the number of infected vertebrae, the pathomechanics of the different spinal segments, anc
the alterations in the structure of the vertebral body produced by the infection are taker
into consideration. Only after careful consideration of all these factors, is it possible tc

understand why in some cases sound healing may take place in one and a half to two years
after the onset of symptoms, Avhile in other cases the process continues to progress for

longer periods of time.

Note: In regard to the incidence of formation of a vertebral ^nosteosis in cases of tuberculous
spondylitis, no accurate percentage could be obtained from our material. This is due to the fact that we

ro'T
suitable for purposes of clinical investigation those cases that, although clinically and

g^fS^iJographically typical of tuberculous spondylitis, did not fulfill the above described basic require-

roent
^ ° ®tate that those discarded caseg were not tuberculous would be against the best clinical and

oentgenographic judgment
;
to accept them as cases of tuberculosis would be against scientific accuracy

last point far more important than any other, and consequenth’' renounced all
statistical investigations.
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Diagrams showing the Zahradnicek method of
correction of valgus and anteversion of the neck of
the femur.

might in time become the limbus forced
down toward the acetabulum and hyper-
trophied, as is seen in luxation. Still more
is it inconceivable that the round ligament,

which is absent in subluxation where the

displacement of the head is very small,

might reappear hypertrophied in a large

number of luxations, even high luxations.

Without doubt subluxation and luxa-

.tion have their origins in a common ground,

since both malformations may coexist in

one subject or may appear alternately in

the course of hereditary transmission of

the disease. However, both malformations

originate at a stage of the embryonic de-

velopment which it is impossible for us to

determine, and under the influence of

causes which are totally unknown to us. I can state, nevertheless, that from the initial

stage, subluxation and luxation develop individually toward essentially different anatom-
ical conditions.

CONCLtTSIONS AS TO TEEATMENT

The anatomical facts just described give an accurate idea of the difficulties which

ill confront the surgeon when dealing with a congenital subluxation of the hip,—^that is,

hen he attempts to reconstruct a hip so that the articular surfaces will be perfectly

congruent.

To achieve this condition is, in our opinion, the only way to prevent the appearance

of a deforming osteo-arthritis, which is the almost inevitable consequence of an articular

dislocation, imperfectly reduced.

I. Closed Reduction

The bloodless reduction must be checked rigorously by arthrography, which is done

with a solution of tenebryl in a concentration of 30 per cent. This contrasting substance,

dentical with that used in urography, is rapidly eliminated—in about thirty minutes

—

without affecting the articulation. There is no need to emphasize the fact that only by

irthrography can one visualize roentgenographically the state of the soft parts (cartilage

)f the roof, limbus, and capsule)
,
of which hitherto one would have no idea.

The tests for a perfect reduction are the same as those indicated by Faber for a

lormal articulation:

(a) The tip of the limbus must come down in contact with a straight line drawn

between the Y-shaped cartilage.

(b) The free edge of the cotyloid fibrocartilage must clasp a good half of the head.

(c) There must be no accumulation of the contrasting substance between the head

and the center of the acetabulum.

In my experience the above conditions can only be fulfilled m very young children,

less than two years of ap, and even then, not in all cases. (This is the age at which we

exceptionally see congenital subluxation of the hip.)
^ ^ ^ j- , ,, j r r>

Experience has also shown us that the first Lorenz position gives a far better reduction

than the position in abduction recommended by Putti.
_ , . , ,,

Eveiv time we left unchanged a manipulative reduction which the ^^throgrnws

] . 1 Ep nnsatisfactorv (the tip of the roof insufficiently lowered, the head incom

pHdy Lped by the cotyloid fibrocartilage, and some contrasting substance remaining

-TTif tpttovAL of BOXE AXD JOIX'T SL'nCTiril



PHi:\IAin' ('ONCnCXlTAL SUIilA/XA'I'ION OF TJIE riip

iiv n!ni i;ssoi! .iACQrr,s i,i;vi;in', I’Aitis, fuancic

In ca.cos of ronponilal jlislornfion of (lie liiji, Firncliiiicn, contrary to Anglo-Saxon

jtliors, distingnisli lictwc'cn luxation and Fiihliixaiion. fn flu: latter, according to recog-

izcd nutlioriticp, the head of the disiilacerl feinui- remains in contact with a more or less

eforinccl ncotahuhiin.

The iinportanee of this distinction is even greater than was formerly thought. Ady

ludics have shown that the primary suhhixation of the hip presents some anatomical

haracferistics distinctly different from tho.^t' of luxation. The use of arthrography, as

ractisod by me since Ifl.lo. enables one to distinguish a suI)luxation from a luxation,

litlioiit difliculty and even in the youngest chihi.

As pointed out. hy Oourdon as early as lOOt), subluxation, thus defined, is a relatively

table condition which never tends to develop into a luxation.

The prognosis of this primary subluxation remains grave for a long time in most cases,

iKcausc experience has shown that the results of closed I’cduction ot subluxation, even in a

Fciing])aticnt, are verv seldom satisfactory. However, tlie reduction ot the displacement

—

thdis, the lowering of the head into the acetabulum—pi-csents no difficulty in such a case,

h spite of orthopaedic treatment, the articulation remains incongruent and, sooner or

fe, there appear signs of a deforming ostco-arthritis, which eventually becomes per-

“iMently disabling. The treatment of an established osteo-arthritis raises considerable

tCintroversy
;
all one can say is that surgeons have not jmt discovered the means of effecting

bwl cure. In my opinion, the jiroblcm is the prevention of the deforming osteo-arthritis

l^nspouent to the'subluxation of the hip. That is the principal subject of the present article.

I

-At the start, I would specify that I am considering here only the primary congenital

The .so-called “residual” subluxations, which are frequently observed after

'ted bloodless reduction of true luxation of the hip, are quite different. They are

'3racterized, in particular, by the presence of interposed soft parts (limbus, round liga-

and capsule) between the head and the acetabulum; such interposition nex'^er occurs

' primary subluxation.

DIFFEHENCES BETWEEN SUBLUXATION AND LUXATION

These differences have been established with the help of arthrography, and the findings

^^ebeen verified in the course of open reduction by the intra-articular approach.

The e. .htial difference between these two varieties of malformation is indicated by

position of the cartilaginous roof, formed by the union of the non-ossified part of the

'etabular rim with the cotyloid fibrocartilage (also called the limbus). In a subluxation

^
limbus is forced upward and inward toward the iliac fossa; in a luxation t le ini us is

downward and inward toward the acetabulum.
Such a distinction is clearly seen in Figures 1-A, 1-B, and 1-C (this patient ^^^s se-

ejed from a number of different cases) . In this girl, aged seven and one-half months, the

.nary roentgenogram does not show any difference between the dis oca ® ^

right side and that on the left side. Arthrograms, on the contrary, prove that on le

ff f
rie there exists a subluxation with forcing of the limbus toward

^
left side, there is a luxation with forcing of the limbus toward the acetabulum, vl

^es the articular cavity the classic hourglass appearance.
ciiLinvn+inn

There are, however, a whole series of other anatomical differences betv een subluxat o

at the Annual Meeting of The British Orthopaedic Association, in London, October 20. 19
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II. Construction of an Artificial Boof

This purely palliative operation seems to us completely illogical. It fails to correct

the articular incongruity. In addition, as Wiberg reported in two cases, a deforming
arthritis of the head may develop in spite of a perfectly successful artificial roof.

III. Open Reduction

This is the only means left to reconstitute good articular congruity in most sublu.\a-

tions. The most favorable age for this operation is around three jmars. The operation can

be performed on older subjects (fifteen years and over) provided that the components of

the articulation have not been deformed, especially by untimely orthopaedic manipulation.
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In luxation, on the other hand, the head retains a regular contour for a long time. As

regards its volume, the head appears slightly smaller than normal in the majority of cases.

The A) ticular Capsule

In subluxation the capsule, although enlarged, is never interposed between the femoral

head and the acetabulum. What is more, intra-articular operations have shown that the

round ligament is practically always absent.

In luxation, on the other hand, the capsule often is interposed between the head and

the acetabulum, especially at the lower portion of the cavity. The round ligament is

present m about one third of the cases It is often so big as to constitute an obstacle to

1 eduction The hypeitrophied round ligament is always visible on arthrograms

Fig. 1-B

Arthiogiams show subluxation of the right hip and luxation of the left Note the diffeience in the
shape of the head in luxation and subluxation

Fig 1-C

reaches the^Y
^ reduction are present. Note that the tip of the roof

'OU 29, KO 1 , JAXUARV 104"



160 JACQUES LEVEUF

Table i

Differences Beto-een Subluxation and Dislocation

Subluxation Dislocation

Limbus and Pushed upward against the ilium Pushed downward into the acetabulum
cartilaginous roof Atrophied H3’^pertrophied

Acetabulum Early becomes oval in shape because
of atrophy of roof

Normal
Entrance restricted by displaced gle-

noidal labrum
Femoral head H3'^pertrophied

Enlarged transversely
Normal or atrophied

Capsule Never interposed Frequentb’' interposed
Ligamentum teres Absent Present in 33 per cent.

Often h3’-pertrophied

Valgus Developed earlj% if not primary Developed late and secondaiy
Anteversion Developed earlj’’, if not primary Developed late and secondary

Zahradnicek’s method. The two osseous fi-agments of the neck are then fastened with a

nail, triangular in section.

5. At the end of the operation, the capsule is sutured only at its upper part, after all

the extruding parts have been resected.

The limb is then put in plaster, in a position of slight abduction and internal rotation,

nd is held in this position for a month. At the end of the month, exercises are begun. The

atient gets up in the third month. During convalescence, great care must be taken that

he articulation retains a correct position. If there is a tendency to flexion, adduction, or

xternal rotation, this will be corrected by usual orthopaedic methods.

The mortality resulting from this rather delicate operation has been nil. I have to

ate performed consecutively more than 250 open operations in cases of subluxation or

ixation of the hip (the technique being analogous) without losing a single patient. Such

pod results are due, not only to the perfection of the technique, but also to the use of a

ireventive treatment for postoperative shock (intravenous perfusion of physiological saline

nth the addition of adrenalin as needed)

.

No postoperative osteochondritis hag

leen observed. After trapezoidal resection

f the neck, the seemingly threatening dan-

Fig.S-A

k..s:A;

•ri-iTx’'r crrnnr

Fig. 8-B
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150 to 155 degrees, whereas on the sound side the angle measures 130 degrees. The pres-

ence of the valgus of the neck is indicated in the observations of the various authors, such

as Klapp and Waldenstrom, who have described “coxa valga luxans”. The anteversion of

the femur, measured as exactly as possible by the methods of Perry Rogers, of Dreesmann,

and of Netter, is very common in subluxations (the author has found it in 68 per cent.

Fig 3-D

Good result two j'ears after closed reduction.
'OL 29, Xo 1

, JAXU^nr 1947
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the eongruity of the articulation, will safeguard these patients against deforming arthritis.

Only the future can show whether the late results will fulfill that hope.
'

Note: The illustrations have been reproduced from the author’s book, entitled '‘Luxations el
Subluxations Congenitales de la Hanche. Leur Traitement Base sur I’Arthrographie", by permission of
Gaston Doin et C’”.
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Fig 4-B Fig. 4-C

InsufScient reduction, shown by arthrograms Nevertheless, the treatment for closed i eduction
by the Lorenz method w'as continued.

Fig. 4-D
Result after two years and eight montlis, showing pooi reduction and osteochondritis of the head.

'OL 29, KO 1, JANUIRT 1947
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In each stage, the procedure consists in exposing only one side of the spinous processes
and laminae. A bed for the tibial graft is made by turning down bone chips from the

Fig. 1 Fig. 2

Fig 1 : Parallel grafts.

Fig. 2: Two-stage interlocking grafts. (The corrective jacket has just been removed and

decompensation of the lumbar curve has not yet occurred.)

Fig. 4

Fig. 3 . ..

^ tttejour
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between the head and the acetabulum)
,
the results were bad. Not only was the reduction

not effected, but in many cases there occurred an osteochondritis of the head Avhich resulted

in an even more serious deformity (Figs. 4-A, 4-B, 4-C, and 4-D)

.

Fig. 6-A Fig. 6-B

Fig. 6-A: Roentgenogram (Nov. 1942) of a girl, seven years old, showing subluxation on the
right side.

Fig. 6-B: Feb. 1943. After reduction by the extra-articular method.
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ing sinus developed which persisted, and roentgenogi'ams showed aseptic necrosis of a
portion of the graft. This fragment was removed, and, because of the interlocking tech-
nique used, with ample overlap of the grafts, no particular loss of correction occurred.

"

Fracture of Graft: In only three cases (7.3 per cent.) did fracture of a graft occur.
In one patient a fracture developed at the end of the middle graft in a three-stage inter-
locking procedure, apparently before the third stage was done. Since there was sufficient

overlap of the other gi'aft, no undue loss of correction de^^eloped and no further surgery
was necessary. In a second patient the fracture was found early, before there was much
loss of correction, and a repair of the pseudarthrosis was carried out. The third patient

has recently been re-admitted for surgery. In each instance the fractured graft was easily

demonstrated by roentgenogram (Fig. 4). This represents an advantage of this operative

procedure over the Hibbs technique, in which it is very difficult to make an early diagnosis

of pseudarthrosis.

Fracture of Tibia: One patient fractured the tibia from which a graft had been

removed.

Pressure Areas: Mild pressure areas developed in three cases.

Partial Brachial Palsy (Transient)

:

Five patients (12.2 per cent.) had mild, tran-

sient, partial brachial palsy.

Wound Infection: There was one case of mild infection of a leg wound.

Double Primary Curves: Although not truly a complication, the double primary

curve may well be considered here. If unrecognized, it can cause an unsatisfactory end

L-esult, even though the chosen primary curve has been well corrected and successfully

fused (Figs. 5-A, 5-B, and 6)

.

The criteria used in selecting the primary curve^® are generally known, and have

proved of great value if there is a single primary curve. Unfortunately these rules do not

apply to the double primary curve, and no cer-

•RnPnttrenoKram of a double primary curve.

Tf vns sflablled because the lumbar curve did

ioLtrakl ten in the tilt test, the thoracic curve

“as clSlfr rigid, and the vertebrae showed

wedging and rotation.

tain method for detecting such a curve is at

present available. Von Lackum’s observations

in this regard are of distinct help.

If a patient with a double primary curve

is discovered, several methods of treatment

have been advocated:

1. The most deforming curve is corrected

and, if the end result is unsatisfactory, the

second curve is corrected and fused.

2. The thoracic curve is corrected, and

then apparent balance of the involved pelvis

and the prominent hip is induced through the

use of a heel lift^. This is not too happy a

solution, since the patient, after undergoing

rather strenuous treatment, must still depend

upon mechanical aid.

3. The thoracic curve is corrected as much

as possible, then the lumbar curve is corrected

to an equal amount, and fusion of the entire

area is carried out.

This last procedure proved most success-

ful in the five cases of double primary cunTS m
j

this series. The correction with a Risser jacket

is done by using two sets of hinges and two

turnbuckles. First the thoracic curve is cor-

rected; then the lumbar curve is straightened

the JOHRxV.m OF BONE AND JOIOT SXinCEnY
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Fia. 7-C

Immediate result following open leduction by the intra-articular method, without resection

of the neck (July 1946).

(a) Open Reduction by the Extra-Articular Method: For a long time I resorted to

a technique based upon that of Zahradmcek. This operation, which is entirely extra-

articular, consists in lowering the head into the acetabulum by correcting the valgus and
the anteversion through a wedge osteotomy at the base of tlie neck,—a wedge which has

both a base distally to correct the valgus and a base posteriorly to correct the anteversion.

The operation is concluded by lowering the osseous roof, which is held in place by a graft,

taken from the fragments resected from the neck (Fig. 5)

.

This method, which I have used in fifteen cases, gave good reductions in only a few
patients. In most cases there remains an abnormally wide gap between the head and the

bottom of the acetabulum, the head being too big to penetrate the cavity. In these con-
ditions a good articular congruency can only be obtained by some scraping out of the
bottom of the acetabulum, especially in its lower segment. For this reason, I have now
resorted to open reduction by the intra-articular approach.

(h) Open Reduction by the Intra-Articular Approach: This technique has been used
by me in some thirty cases to date.

First, Ollier’s transtrochanteric approach is used, which allows all necessary correc-
tions to be made on the various elements of the articulation. After the trochanter major
and the gluteus medius muscle have been raised, the capsule is cut circularly. The opening
into the acetabulum is extremely large. The various moves in the operation are as follows:

1. Scoop out the acetabulum with a curette or gouge. This is done under most favor-
able conditions in young children, in whom the layer of cartilage covering the acetabulum
is thicker.

2. Free the capsule from its adhesions to the external iliac fossa.

3. Lower the scooped roof by means of a slightly oblique osteotomy, reaching the
cartilaginous covering of the acetabulum without cutting through it. The lowered roof
^'ill be held in place at the end of the operation by a graft taken either from the upper
e.\tremity of the femur, or from the wedge-shaped fragment resected from the base of the
neck, when this resection has been made.

4. IVhen accurate measurements have shown that there is a pronounced degree of
inlgus and anteversion, a trapezoid resection is made at the base of the neck, after

'OL. 29, NO. 1, JAXXJART 1947
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Although the Risser jacket was used in all but two cases to obtain correction of the
curvature, in six cases the hammock suspension method of LeMesurier was tried. Four
cases were classed as severe, one as moderate, and one as having a mild curve.

Of the severe curves, a 76-degree curve was corrected in the hammock to 70 degrees

Fig. 7-A Fig. 7-B

Fig.7-A: This patient had a severe curve,~-58 de^ees before correction.

Fig. 7-B ; At end result, onls'- 13 degrees of correction vas retained. The statistical result is poor,

3'et the clinical result is very acceptable.

itsi-

Ptototaphs of . mild ourvo before comeliop aod at end re™lt

the joOTX.^n OF BOXE^JOI-VX sunoEnv
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Fig. 8-D

Good result eight years after the operation.

ger of resorption of the head through insufficient vascularization is actually very small.
I have observed only one case, in one of my first patients, when I had probably been too
careless with the musculocapsular flap of the lower segment of the neck, through which a
good circulation in the femoral head is easily maintained.

The anatomical results are always very satisfactory and well-nigh perfect, when all

operative details have been followed. The functional results, especially the mobility of
the joint, depend mostly upon the age of the patient and upon the extent to which the
acetabulum has had to be scooped out. In young subjects the articulation always recovers
normal, or near normal, mobility. In older patients some stiffness is observed, which, as a
rule, is compatible with very satisfactory joint function. This stiffness tends to diminish
U'ith time.

At present, it is too early to saj’' anything about late results, since my earliest
operation b}-- the intra-articular method was performed onty eight years ago.

Figures 8-C and 8-D show the result of my earliest operation by this method, which
IS really encouraging. Results of this order are, of course, obtained more easily when
operating upon young subjects, in whom resection of the base of the neck is unnecessary.

We have everj’- reason to hope that this logical reconstructive surgeiy, which restores

'OL- 29, XO. 1, J.^XU.UJT 1947
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of 26 degrees were corrected down to 2 degrees by this method, and these patients were
placed in plaster jackets while suspended in the fish net.

SUMMARY

Significant improvement in the amount of correction retained and a substantial

decrease in the incidence of pseudarthrosis have been achieved in forty-one cases of

idiopathic scoliosis. These patients w^ere treated by a modified technique of using tibial

grafts in spine fusion, after obtaining maximum correction (by the Risser type of plaster

jacket in thirty-nine cases and by the hammock suspension method in two cases).
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THE USE OF PARALLEL GRAFTS AND OF TWO-STAGE AND THREE-STAGE

INTERLOCKING GRAFTS IN THE TREATMENT OF IDIOPATHIC SCOLIOSIS

End Results in Forty-One Cases

BY TOM OUTLAND; M.D., AND OSCAR CORN, M.D., ELIZABETHTOWN, PENNSYLVANIA

Ftom the Slate Hospital for Crippled Children, Elizabethtown

In the past several years, the few articles published on the subject of severe or pro-

gressive idiopathic scoliosis have consisted chiefly of excellent reviews on the treatment

of this condition^-'^"®-^®. The use of the Risser turnbuckle jacket to correct the predeter-

mined primary curve, followed by spine fusion to maintain this correction, is the method

advocated chiefly.

LeMesurier and Blount and Schmidt have sought to simplify the method of obtaining

correction. LeMesurier has proposed a hammock suspension cast, which is said to secure

as much correction as the hinged jacket in an easier and less time-consuming manner.

Blount and Schmidt have devised a corrective brace which they believe supersedes the

tedious and prolonged method of Risser.

Whatever the merits of these two methods may be, neither meets the greatest need.

An analysis of the report of the Research Committee of The American Orthopaedic Asso-

ciation® suggests definitely that the chief problem is not an easier method of obtaining

correction, since the average correction attained was 61 per cent.
;
but the need is rather

for a better means of maintaining the correction, since the average correction at end result

was only 25 per cent. An even greater need is for a method which will eliminate or mini-

mize the high incidence of pseudarthrosis, which amounted to 28 per cent, in the Com-
mittee’s report, and of delayed fusion. In cases of delayed fusion, the fusion occurs after

most or all of the correction and balance have been lost. Recorrection can only be obtained

after an osteotomy of the spine has been performed through the fused area.

By a modification in the technique of using tibial grafts in spine fusion, developed
by the senior author, apparently significant improvement has been achieved in both of

these directions, when the present results are compared with those previously obtained by
the Hibbs method of spine fusion, as well as with those reported by the Research Com-
mittee.

PROCEDURE

The technique used in fusing the corrected portions of the spine was developed gradu-
ally in a series of steps. Early, with short curves which included only six or seven vertebrae,
parallel tibial grafts were placed on either side of the spinous processes in two stages (Fig.
1) . With this type of procedure it was hoped that, if fusion was not secured in a greater
percentage of cases, it would at least be easier to detect a fractured graft than to demon-
strate pseudarthrosis in a spine fusion, done by the use of multiple chip grafts. As a
matter of fact, the first hope was realized more than the second; for, while the incidence
of fractured grafts was very low, the grafts often fused so completely and rapidly with
le host bone that they very early lost their identity.

In longer curves, where it was not possible to apply the tibial grafts in a parallel
manner, they were spread apart to include the entire curve and were interlocked in the
center, thus giving the maximum support at the point of greatest stress. These were termed

o-stage interlocking grafts (Fig. 2) . Finally, in long curves, it was decided to use three-
age interlocking grafts. This was accomplished by putting the first graft on one side of

processes, the second graft on the other side, and the third graft on the original
-1 e 3). Each graft overlapped a minimum of two vertebrae.
'0^- 29, NO. 1 , JANUARY 1047
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Fig. 1

Proximal epiphyseal cartilage of tibia of guinea pig, illustrating cytomorphosis of cartilage
cells and growth of capillaries into spaces left by death of cells.

The substance of this lecture should be presented against a background, provided by
n outline of normal bone growth and the effects thereon of vitamins C and D deficiencies.

Increase in size of most bones during growth of the skeleton—all those which are first

laid down as hyaline cartilage in the embryo, including

all of the long bones, the vertebrae, and bones of the

base of the skull—is by endochondral bone formation

for which purpose, until growth is completed, cartilage

persists at epidiaphyseal junctions. Growtli of a long

bone, for example, is accomplished by continuous pro-

liferation of cartilage cells, arranged in columns on the

epiphyseal side, and concurrent degeneration of matured

cartilage cells on the diaphyseal side. The spaces which

result from the degeneration and disappearance of the

cartilage cells at the diaphyseal ends of the columns are

penetrated by capillaries, accompanied by osteoblasts,

which are responsible for the deposition of bone matrix

upon the exposed cartilage matrix. Multiplication, in-

crease in size, maturation, and death of cartilage cells

(cytomorphosis)^” are, therefore, necessary sequences in

normal skeletal growtlM^ (Fig. 1).

However, growth of bone is not a one-way process;

preservation of conformation demands continuous re-

modelling, involving resorption of bone where reduction

of size is necessary and new deposition of bone^ from

endosteal and periosteal sources to preserve continuity

of structure (Fig. 2) . The deposition of bone by cells

THE JOURNAL OF BONE AND JOINT SUliGFMt

Fig. 2

Tibia and fibula of rat. Diagram

to illustrate remodelling during

growth, viewed from anterior aspect

and in profile.
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spinous processes and laminae without attacking the lateral articulations. Then, with the

graft in place, the spinous processes are undercut and, by the use of several Lembert

sutures through the muscle and periosteum, the spinous processes are inverted to come

into close contact with the graft.

In the more severe curves, particularly in patients with increased anteroposterior

curves, it is necessary to secure curved tibial grafts. However, since the segments are

relatively short in the two-stage and three-stage interlocking procedures, this is almost

always possible to accomplish. In the few cases in which it is not possible, equal difficulty

would be encountered in doing the classical Hibbs procedure, since the convex side of the

vertebral curve is almost inaccessible, as the laminae and facets are rotated, twisted, and

overhung by the spinous processes and the distorted convexity of the ribs. The procedure

of Henry and Geist is usuallj’- followed in these severe cases.

The necessity for two incisions, one of which results in a scar on the leg—especially

for a condition in which the chief purpose of correction is cosmetic—is admittedly a

distinct disadvantage. Nevertheless, the advantages of this method of spine fusion out-

weigh the disadvantages. The procedure produces iess shock, because only one side is

exposed and dissection need not be carried out to the lateral articulations, which are often

inaccessible in severe curves; the incidence of pseudarthrosis is greatly decreased; and

the percentage of correction maintained as an end result is significantly increased.

complications

Mortality: In this series of forty-one cases of idiopathic scoliosis treated by japjnet

correction and spine fusion (which included ninety-one operative procedures)
,
there was

a mortality rate of 0 per cent.

Aseptic Necrosis of Graft: In one case (2.4 per cent.), after primary healing, a drain-

jpiG. a-jtiFia. 5-A

Film, taken before treatment, shows curve from eleventh thoracic to third lumbarenebra. This was selected as the primarj' curve, because it is the-middle curve, it is the Ereate=t
^ o

vertebrae are most rotated.
end result. In spite of correction of the cun-e from 37 decrees to & dfcropt,

compensation of the thoracic curve did not occur, indicating that this is also a primary curve!

VOI,. 29 NO. 1. J.^KUAHY 1047 •
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%t;tamin-d deficiency

^

Normal growth of bone in the human is dependent upon the action of vitamin D in
maintaining efficient concentrations of calcium and phosphorus ions in the blood plasma.
In the rat, normal bone growth in the absence of vitamin D continues, unless the diet is
such as to produce in the blood a “relative deficiency of calcium or phosphorus or an abso-
lute deficiency of either or both”

It is not necessaiy to present the pathology of rickets in detail, because this would
lead into controversial fields, some of which would not exist if more attention had been
given to early recovery sequences in cure of experimental rickets. Experimental rickets in

rats reproduces accurately the

spontaneous disease in human
infants and other animals. As
in all deficiencies, an under-

standing is to be sought in terms

of retardation or suppression of

normal processes, in this in-

stance growth sequences in epi-

physeal cartilage and of calci-

fication of bone and cartilage.

The reason why the pathology

of human rickets is apparently

so complicated is that the defi-

ciency in any individual studied

may have been intermittent or

of varying degrees from slight

retardation to almost complete

suppression. Endochondral

growth of bone is dependent

upon proliferation, differentia-

tion, and degeneration, ending

in death and disappearance of

cartilage cells In rickets the

cartilage cells fail to complete

this sequence; they reach their

maximum size, produce ade-

quate amounts of matrix, but

do not degenerate. For this

reason, as proliferation con-

tinues, the epiphyseal cartilage

accumulates. In the absence of

spaces created by the disappear-

mentorrickets after seventy-two hours, and illustrating resump- ance of cartilage cells, there is

tion of cytomorphosis. no ingrowth of capillaries. Con-

currently with the arrestment of cartilage-cell sequences, the matrix adjacent to the per-

istent cells fails to calcify. Absolute rickets in the sense of the complete cessation of the

bove sequences is of doubtful occurrence in humans and difficult of experimental aclueve-

oent. The arrestment takes place irregularly across the diaphyseal face of the car lage

ilate ’Wherever cartilage cells degenerate, xmscular ingron'th takes place,
, ,,

ton or laterally as opportunity offers; but the bone matrix (osteoid) deposited about the

(osteoid) continues to take place around capillaries of the

the journal of bone and joint surged

Fig. 4

Proximal epiphysis of tibia of rat. Showing repair of e.xperi-
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TABLE I

Avehagg PcncENTAcn of Cohrcction for Each Curve

Report of Research Committee
1 . _

Present Series

Tj'pe of Ciin’e
No. of
Cases

Correction
after

Operation
{Per Cent.)

End
Result

(Per Cent.)

No. of
Cases

1

Correction
after

Operation
,

{Per Cent.)

End
Result

(Per Cent.)

Mild
(0 to 24 degrees) 10 71 33 1 94.0 80.0

Moderate
(25 to 44 degrees) 51 72 25 11 71.5 49.6

Severe

(45 degrees and over) 88 53 24 24 57.3 40.0

149 61 25 36 62.6 43.1

equalljL This method obviates the necessity of apptying two corrective jackets, and ma-
terially shortens the time of treatment. Finally, the entire area is fused by using the

necessary number of interlocking tibial grafts (Fig. 3)

.

END KESULTS

Table I shows that the end results in this series of cases of idiopathic scoliosis are

substantially improved oA’’er the results indicated by the Research Committee. These
patients have, for the most part, been followed for from two to five years, and the shortest

follow-up period is w^ell over a year after operation. Successive roentgenograms indicate
that no gradual loss of correction is occurring.

Since corrective treatment is undertaken with the idea of eliminating or decreasing
the degree of curvature, the success or failure of the method must be judged on this basis.

However, the cosmetic end result is more directly related to the restoration of body bal-
ance than it is to the number of degrees of correction (Figs. 7-A and 7-B)

.

The preoperative and end-result photographs of approximately average cases (mild,
moderate, and severe) are shown in Figures 8-A, 8-B, 9-A, 9-B, 10-A, and 10-B.

An analysis of the end results in this series indicates that oAmr half the cases treated
are classified as severe. A definite cause of this is the practice of treating early cases of
idiopathic scoliosis with casts and braces for long periods of time, wdthout adequate
loentpnographic follow-up. Forty-nine per cent, of these cases w’-ere so treated early in
the disease, and in all progression continued.

In treating scoliosis with the types of braces commonly used, one attempts to correct
le spine indirectly through pressure on the thorax, which is an elastic structure; and thus

a great deal of the force exerted will be spent merety on increasing the angulation of the
ri s or changing the relations at their costoAmutebral joints^. At best, the method is of
questionable value. If it is used at all, it certainly should not be persisted in to the point
0 allowing a mild curve to progress to the moderate or severe stage.

The most satisfactory early approach to the problem is a careful check on the progress
0 le curve bj'^ direct measurements of roentgenograms taken ever}’- three months. Ros-
tra exercises are often used during these intervals. Curves that show progression should
e considered for correction by the Risser jacket and spine fusion, always remembering
la some curves will progress, but finally become arrested before they reach a degree^ inch IS clinically important.

re^:
authors’ chief purpose to present operative procedures and end

f
treatment of idiopathic scoliosis, a brief discussion regarding the methods

0 1 aming correction seems -Vvithin the scope of this paper.

^'0- 1. JAXU.ARY 1047
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Fig 6

Pioximal epipli5'sis of tibia of vitamm-A deficient puppy of the same litter as source of Fig 5

cartilage cells to complete the sequences of proliferation, maturation, and degeneration, the

other the failure of matrices to calcify.

A comment made some years ago in regard to experimental rickets and which applies

also to osteomalacia is perhaps worth repeating: “The degree or severity of rickets may be

estimated and recorded on the basis of the prominence of anatomical changes demonstrable

by roentgenogi’ams or histological study. Obviously two factors enter into the production

of the pathological picture, the duration of the deficiency and the degree of the deficiency

as measured by calcium and phosphorus blood concentrations and ratios. Either factor

can be made the variable and thus the time factor can be calibrated against the chemical

factor— in so far as increased width of epiphj'^seal cartilage and accumulation of osteoid

are concerned”

HYPERVITAMINOSIS D

The administration of excessive amounts of vitamin D {activated ergosterol) pro-

duces untoward effects in bone and soft tissues, resulting from a great increase in seium

calcium The physiological role of vitamin D is still generally regarded as one operative

in the process of absorption of calcium from the intestines. The fact that, if the alimentarj^

source of calcium is not adequate, calcium is obtained through resorption of bone sug-

gests that a more important role is to be found in the establishment of equilibrium condi-

tions in the blood plasma. The stoichiometry of blood calcium seems to have quantitative

relations with the amount of vitamin D introduced. The maintenance of high calcium

levels in rats through its use results in short bones with non-calcified trabeculae of unusual

thickness and number at the epiphyseal ends and resorption of cortical bone with non-

THE JOUKXAL OF BOXE A^D JOI^T SUrGERT
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Fig. 9-A Fig. 9-B

Patieut with a moderate curve, shown before correction and at end result.

Fig. 10-A Fig. 10-B

Photographs of a severe curve, shown before correction and at end result.

and in the Risser jacket to 32 degrees; a 53-degree curve was corrected to 39 degrees in
the hammock and to 20 degrees in the jacket; a 63-degree curve became 48 degrees by-
suspension, but decreased to 34 degrees in the turnbuckle jacket; and an 82-degree curve
uas decreased in the hammock to 55 degi-ees and in the Risser jacket to 47 degrees. All of
lese patients were suspended in the fish net from one week to one month before being

P aced in the Risser jacket. However, the mild curve of 17 degrees and the moderate curve
'OL. 29, NO. 1, J.ANU.WT 1D4T
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VITAMIN-A DEFICIENCY AND EXCESS IN RELATION TO
SKELETAL GROWTH f

BY S. BURT WOLBACH, M.D., BOSTON, MASSACHUSETTS

Bone is a peculiarly favorable tissue for the study of growth, because growth is not

simply increase in size; it involves alterations of form. Bone, we know, undergoes con-

tinuous remodelling, rapidly during growth, slowly thereafter; and, because of this and

similar responses common in pathological conditions, it is to be regarded as an exceedingly

labile tissue. Fortunately, remodelling activities of bone leave a trail which can be read,

a trail blazed by etched haversian systems, interrupted lamellae, and denser calcium

deposits in the so-called cement lines which separate old from newly formed bone. The

agents that cause resorption of bone are probably multiple, one of which will be considered

in particular in this study. The information obtained from study of bone pathology and

from a few connective-tissue behaviors, observable during cyclic physiological processes,

leads to the conviction that all our collagenous structures are as labile as bone, subject to

constant processes of resorption and new formation. Failure of such adjustments may be

regarded as one consequence of age; such failure, indeed, may be the result of irreversible

collagenous compounds, slowly accumulated and not amenable to the processes involved

in maintenance.

All vitamin deficiencies that culminate in severe malnutrition (and most of them do)

arrest growth of bone. Malnutrition caused by inadequate amounts of a perfect diet also

arrests bone growth. In every instance where bone growth has ceased because of general

inanition, a sturdy bone with normal contours is the result.

There are three vitamin deficiencies that affect bone growth directly. These are

A, C, and D. The operations of A and D in bone growth specifically involve epiphyseal-

cartilage-cell activities. In vitamin-C deficiency in growing animals, bone suffers in com-
mon with all collagenous structures.

It seems self-evident that lack of a vitamin causes suppression of the biochemical
systems in which the vitamin is operative.

Vitamin A is unique, because it is the only vitamin which, as will be shown, when
given in quantities greatly in excess of normal requirements, actually accelerates some
normal growth sequences.

I have proof that the degree of acceleration of growth sequences bears quantitative
relationships to the amount of vitamin A administered, and can be pushed to dramatic
and disastrous consequences upon bones. In considering the effects of excessive introduc-
tion of vitamin A, we may speculate either in terms of increased reaction velocities or of
increase in numbers of biochemical systems.

Vitamin A in deficiency and excess in relation to skeletal growth is my subject. I shall
outline some of the premises which have led me to the conclusion that Vitamin A is

specifically involved in mammalian skeletal growth. Both a deficiency and an excess of
vitamin A affect profoundly the growth of bone. The deficiency suppresses, the excess
accelerates epiphyseal-cartilage-cell sequences. I shall outline the consequences of such
changes in epiphyseal-cartilage sequences upon the remodelling of bone which is an essen-
tial feature of bone growth. I shall present evidence which indicates that remodelling
sequences attending growth of bone are induced by a factor elaborated in the maturation
of epiphyseal-cartilage cells.

Ludvig Hektoen Lecture of the Frank Billings Foundation delivered before theLitute of Medicine of Chicago, Alarch 22, 1946.

h’o.4 ApriUS 1946
Proceedings oj The Institute of Medicine of Chicago, Vol. 16,

VOL. 29, NO. 1. JANUARY 1947
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A. Vitamin-A-deficient rat, ten weeks old, which had shown severe parab’^sis for nine days; dorsal dis-

section, exposing third, fourth, and fifth lumbar ganglia, indicated by 1, 2, and 3, respectively.
4'. Indicates where the bodj" of the fourth lumbar vertebra has been dissected away, e.xposing coiled

nerve roots which have pitted the bone.
6; Herniation of the spinal cord, which was extruded into the right fourth lumbar ganglion.

6

:

Herniation of nerve roots removed from the fifth lumbar ganglion.

7: Yentral root of the fourth lumbar ganglion, Ij’ing in a pit in the bod}^ of the fourth lumbar

vertebra.

the journal of bone and joint suncKiiV
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of endosteum and periosteum wc refer to

as appositional bone formation. Some

bone contours, especially those where

ligaments, fasciae, tendons, muscles, and

dura are attached, are built up by appo-

sitional bone formation. The growth of

the few bones which developed directly

in connective tissue—membraneous bone

formation—including the bones of the

calvarium, sides of the skull, and most of

the facial bones, is by appositional bone

growth at the sutures and from peri-

osteum and endosteum. Such bones also

undergo remodelling during growth, but

I have good reasons for the conviction

that the pattern is set bj’’ the growth of

those bones of the skull which are of car-

tilaginous origin. In general, endochon-

dral bone formation sets the pace and the

pattern of skeletal growth. In the microscopic study of bone, one can usually get a clear

picture of what is happening and, indeed, of what has happened, because the remodelling

process leaves distinctive features. Regions of resorption are usually indicated by the

presence of osteoclasts and breaks in continuity of lamellae. Regions of appositional bone

formation can be identified easily by the presence of row's of osteoblasts and non-calcified

matrix or osteoid. Where remodelling has occurred, boundaries between resorbed bone and

bone subsequently deposited are indicated by cement lines, as w'ell as by discontinuities

of lamellae (Fig. 3)

.

Fig. 3

Cross section of fibula of normal rat to illustrate

the pattern of remodelling in consequence of changes
in its relation to the tibia, as indicated in Fig. 2. The
arrows indicate the outward and posterior swing of

this bone.

VITAMIN-C DEFICIENCY

We know' of no untow'ard effect resulting from administration of excessive amounts
of vitamin C. Man, monkeys, and the guinea pig are the only animals now' known which
are unable to synthesize vitamin C. The lesions resulting from vitamin-C deficiency in

the young of these animals are the consequence of the failure of formation of intercellular

materials. Bone formation, endochondral and appositional, is prevented because of the
failure of matrix formation, specifically a failure in the synthesis of the protein or group
of closely related proteins,—collagen. All evidence indicates that the physiology of calci-

fication is not involved^®'^®.

This failure of bone-matrix formation explains perfectly the gross pathology of vita-
min-C deficiency or scurvy in infants. Cartilage sequences in endochondral bone forma-
tion continue, but cells accompanying the ingrowing blood vessel can deposit no matrix
and hence discontinuity of epiphysis and diaphysis—infraction—takes place. Periosteal
cells concerned in appositional bone grow'th through failure of matrix deposition permit the
fibrous periosteum to pull aw'ay from bone. Not only is there failure to form collagenous
matrices, but there is good reason for believing that resorption of matrices of bone and con-
nective tissue takes place. Remodelling of non-calcified supporting tissues leaves no
trail.

The administration of vitamin C to totally deficient guinea pigs is follow'ed by prompt
deposition of collagen and formation of the matrices of connective tissue, bone, and 'teeth.
Careful studies by Boyle, Bessey, and How'e have show'n that the amount of dentine matrix
^redentine) formed is quantitatively related to the amount of vitamin C administered.

le relation of vitamin C to grow'th and maintenance of bone resides solely in its effect
upon the formation and maintenance of the organic matrix.

29. xo. 1, JAXU.\RY 194“
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diaphysis adjacent to the cartilage. The accumulated osteoid and cartilage may become

molded or distorted by the pressure of weight-bearing, in cartilage frequently resulting in

stratification. In long-continued rickets there is disappearance of trabeculae of the di-

aphysis and resorption of cortical bone (osteoporosis)
,
in response to more vital needs of

the body for calcium.

The first cytological evidence of repair in the rat following vitamin-D therapy is the

resumption of cytomorphosis (Fig. 4 ) visible in twenty-four hours through the presence of

cleared or degenerated cells on the diaph3'scal border of the cartilage, and accompanied by

extensive penetration of capillaries within forty-eight hours, and concurrent calcification

of adjacent matrix. The complicated patterns of capillary tufts in the epiphyses of rickets,

which have occasioned much discussion and speculation bj’’ various authors are satis-

factorily explained by the occurrence of irregularly distributed groups of cartilage cells

which have completed their sequences, a result of varying degrees of intermittency of the

deficiency across the face of the epiph3'seal plate. Thus, opportunities for ingrowth of capil-

laries in lateral and even diaphyseal directions can exist. Such capillary patterns may be

seen in the early repair stages of advanced experimental rickets.

Calcification of cartilage matrix and of osteoid first takes place adjacent to capillaries

which have entered the spaces left by the degenerated cartilage cells, wdierever this has

occurred. Subsequentl5" the calcification of accumulated osteoid progresses toward the di-

aphysis. Excess osteoid, wdiich has accumulated as a result of the deficiency, is removed
only after calcification b3'^ osteoclasis. Apparently there is no mechanism for the removal
of non-calcified bone and cartilage matrices.

Thus in rickets, two separate processes are involved,—one the failure of epiphyseal

the
normal litter mate, control puppy to the vitamin-A deficient puppy,

'OL. 29, KO. 1, JANUARY 1947
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Fig. 15

Curves to show the relation of dosage of vitamin A to growth of a long bone (tibia),
food consumption, and weight. All observations were upon weanling rats, twenty-one da3"S
of age; approximate wciglit at this age is fortj' grams. All measurements of bone were made
from x-ray films, made daily. The values of growth given represent the percentage linear
growth during one week. These curves arc of little value except for documentation of the
statement in the text, that rate of remodelling induced by vitamin A is independent of
linear growth of bone.

vitamin-A admimstraiion are the so7)ie rohen correlated with the normal growth patterns

of the bones, and can be precisely expressed in terms of accelerated sequences 7wrmal to

the species and, in general, are the same as those of rots and guinea pigs.

In rats and guinea pigs there is great acceleration of all processes of bone growth wliich

can be followed microscopically,—specificallj’-, epiphyseal-cartilage sequences and the re-

sorption of bone and appositional bone formation necessaiy in the remodelling of bone in

skeletal growth.

In both species, fractures of long bones are produced in six to ten days, somewhat

earlier and more frequently in rats than in guinea pigs (Figs. 12 and 13) . The explanation

of this difference may reside in the fact that in guinea pigs the epiphyses close, whereas

in the rat many epiphyseal cartilages persist throughout life. In both species there is

greatly accelerated maturation and degeneration of the epiphj'-seal-cartilage cells with

concurrently rapid replacement by bone. In guinea pigs given excessive amounts of vita-

min A (1000 to 1250 international units per gram of weight) from the age of ten days, the

distal epiphysis of the femur and the proximal epiphysis of the tibia can be made to close

in from ten to fifteen days-—or at twenty to twenty-five days of age (Fig. 14). These epi-

physes normally close after thirty and sixty weeks of age respectively In the rat, the

adult m/UTOW zone of quiescent epiphyseal cartilage may be attained in tlje same tone

^ '

It was not difficult to prove, by means of serial sections of long bones (femur and tibia

and fibula) ,
that the accelerated remodelling processes were responsible for the production

T-'R TOITWN’AT, (W nOXR A>jn .TOTNT STinOCT'^
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calcified matrix deposition of periosteal and endosteal origin. These changes have led one

group of authors to regard the effect as rachitic in type, in spite of the fact that epi-

physeal-cartilage-cell sequences arc not suppressed. The persistence of essentially normal

cartilage-cell sequences under conditions which cause resorption of bone and prevent cal-

cification of newly deposited bone matrix suggests either that the cartilage cells participate

in alterations of equilibrium conditions affecting calcium, or that they do not require cal-

cium but do require vitamin D for the sequence of growth, maturation, and degeneration.

A single massive dose of activated crgosterol ‘ causes a great rise of serum calcium, fol-

lowed by deposition of calcium salts in many soft tissues concurrently with the fall in serum

calcium.

VITAMIN-A DEFICIENCY

In Autamin-A deficiency, all epiphyseal-cartilage sequences cease (Figs. 5; 6 and 7)

.

Cells cease to divide, and cells wdiich have reached almost mature size undergo no further

change. Only those cells wdiich have progressed to the vesicular stage continue to change

and finally disappear, permitting vascular penetration. The cartilage trabeculae calcified

before the deficiency was es-

tablished are resorbed by os-

teoclastic action. The matrix

of the now atrophic epiphyseal

cartilage becomes densely cal-

cified for a depth of a few

cells on the diaphyseal border,

and eventually a thin bony
plate is formed across the face

of the epiphyseal disc. The
resulting appearance is similar

to that produced by inanition

from inadequate amounts of

a perfect diet, or by inanition

resulting from other vitamin
deficiencies not specifically re-

lated to bone growth,—such as
riboflavin and pyridoxine.
However, in inanition from
these various causes, the
growth of all tissues is corre-

spondingly retarded
;
whereas,

in vitamin-A deficiency, endo-
chondral bone growth ceases
before the growth rate of the
animal as a whole is seriously
affected (Figs. 8 and 9) . It is

this disproportionate growth
of the skeleton and soft tis--

sues which is responsible for
earty disastrous consequences
in the young of rats, dogs,
guinea pigs, and chicks, be- Pjq 7

se the cranial cavity and Distal epiphj'-sis of femur of rat, to illustrate the return ot
rue spinal canal become too normal cartilage sequences and bone growth, folic

'
' /

small for the central nervous
deficiency. Note the plate
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the mechanism of endochondral or replacement bone growth. Vitamin-A deficiency sup-
presses epiphyseal-cartilage-cell sequences and hence endochondral bone growth. Remodel-
ling sequences, involving concurrent resorption of bone with bone deposition and replace-

ment of cancellous bone by compact bone, cease to operate. Appositional growth of bone
of periosteal origin continues, until inanition supervenes, at a rate in conjormitxj to the

normal growth pattern in each site. Skeletal growth as a whole ceases.

Excessive vitamin-A administration accelerates in general those growth sequences of

bone retarded by the deficiency. It causes rapid consumption of epiphyseal cartilage and,

in appropriate species, greatly premature closure of epiphyses; also, excessive rapidity of

remodelling processes unrelated to linear growth of bones, but definitely related to rate of

epiphyseal-cartilage-cell cytomorphosis. Both the rates of remodelling processes and of

cartilage-cell sequences arc quantitatively related to the amounts of vitamin A adminis-

tered. Substitution of compact bone for cancellous bone in conformity to normal growth

patterns is greatly accelerated. The fractures and sites of occurrence are fully explained

by acceleration of remodelling. Bone which docs not require remodelling for maintenance

of the normal growth pattern is not responsive to the excess vitamin introduced.

Application of the facts presented will explain easily and completel}'’ the results of

vitamin-A deficiency upon any of the simpler bony structures of the skeleton. In the case

of the skull, the problem is a complicated one, because of the intimate relations of the in-

dividual bones to one another in the absence of joints, and because of the many epiphyses

or sites of endochondral bone growth and directions of such growth in tlie bones comprising

the base of the skull. However, here too the changes in bones at the base of the skull, in-

Fig. 20
Fig. 21

deformation by pressure of bone.

m-rrm TfxTmXTAY. At? TJAUP. AND JOINT
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sj'stem whicli continues to grow at ajiproxi-

mately normal rate until general inanition

supervenes. The result of the disproportion-

ate growth of bone and central nervous sys-

tem is overcrowding of spinal canal and

cranial cavity and paralysis, resulting from

mechanical pressure upon brain, s]unal cord,

and nerve roots. The consequences arc ex-

hibited by multiple berniations of the cere-

brum and cerebellum into arachnoidal villi,

dislocation of the brain as a whole toward

the foramen magnum, and buckling and her-

niation of nerve roots (rat and guinea pig)

into intervertebral foramina and into the

bodies of vertebrae. The latter is the result

of atrophy of bone, caused by tbe pressure of

buckled nerve-root trunks (Figs. 10 and

11 ).

Species differences in anatomy and

growth patterns naturally affect the details

resulting from the disproportionate growffh.

While identical in rat and guinea pig, there

are as yet incompletely solved differences in

the dog to which reference will be made later.

In the chick, there are no herniations of nerve

MB^a-8 MB 495

Fig. 10

roots, because the spinal cord, unlike in most Diagrams. MB 44s illustrates the position of

mammals, fills the entire spinal canal, and the conus terminalis in normal rats. The arrows
,, ’ jQfjjcate levels of origin from the spinal cord of
tne roots leave the spinal cord through fora- a few nerve roots in relation to their foramina

mina at the levels of their origins in the
illustrates the position of the conus

spinal cord. However, overcrowding of the terminalis in a vitamin-A-deficient rat. (See Fig.

central nervous system is strikingly shown by
^hlw/f^fs^iteTofhemiation^ levSs^of

UlStortion of the brain with voluminous her- origins in relation to foramina of exit. This dia--

niat™ into arachnoidal villi and marked
iS.

ulsxortion of the spinal cord, shown by the tiple herniations and the low position of the

cross ribbing in the lumbosacral region, which terminalis which has resulted from the

s proanced by the bulging of the spinal cord after growth of the skeleton was retarded,

into the ribbed spinal canal of this region.

Cessation of endochondral growth is not the wdiole story of the effect of vitamin-A
deficiency upon young bones; remodelling ceases and appositional bone formation con-
tinues at different rates in locations which vary with the species, but which are in con-
formity with each normal growth pattern.

The long bones of vitamin-A-deficient animals are shorter and thicker than those of
normal animals. The shortness of the long bones is the result of failure of endochondral
bone growth. The increased thickness is produced by continued appositional bone growth
and, near the ends of bones, by retardation of remodelling sequences in the final period of
growth before complete deficiency is established. Mellanby has paid particular attention
to apparently excessive periosteal bone formation in relation to the bony labyrinth of the
car, other bones of tbe skull, and cervical vertebrae. Wolbach and Bessey in their 1941
paper confirmed Mellanby’s findings in regard to tbe changes in the petrous bones of dogs,
and recorded similar findings in A-deficient rats and guinea pigs. In none of Mellanby’s
publications is mention made of epiphyseal cartilages and endochondral (replacement)
bone growth.

'OI.. 29, NO. 1, JANUART 1947
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Fia. 11 {continued)

S: Dorsal roots to the sixth lumbar and first sacral ganglia from their origin to herniation into the

fifth lumbar ganglion.
. . , . ,

9: Herniation of a coiled and swollen unidentified nerve root, removed from the invagmated fourth

lumbar ganglion. ’

10: Small excrescence on the ventral nerve root removed from a fifth lumbar ganglion.

11: A deep pit in the fifth lumbar vertebra with entering and emerging nerve roots.

G: Ganglia.

B. Vitamin-A-deficient rat, eleven weeks old. which had shown severe paralysis for twenty-one days;

dorsal dissection, exposing fifth and sixth lumbar ganglia with herniated nerve roots.

1

:

Ventral root of the first sacral ganglion, herniated into the sixth lumbar, left side.

2: Dorsal and ventral roots of the third sacral ganglion, right, removed from herniation into the

sixth lumbar ganglion, right.

3: Dorsal and ventral roots to the second right sacral ganglion, dislodged from herniation into the

right sixth lumbar ganglion.

G: Ganglia.

D: Dura. Its line of attachment to the ganglion is represented by dotted lines.

C. Vitamin-A-deficient rat, ten weeks old, which had shown severe paralysis for nine days; ventral

dissection. The bone was dissected away from the herniation occupying pits in the bodies of the fourth,

fifth, and sixth lumbar vertebrae, indicated respectivelj' by 1, and 3. H indicates herniation; G, gan-
glia. The herniations in relation to the fourth lumbar ganglia are covered bj’’ membranes.

_

Partial

dissections have been made elsewhere to give an idea of the comple.xity of the coils and the irregular

thickening of the herniated nerve trunks. Jt and 6 indicate dorsal and ventral roots of the left fifth lumbar
ganglion entering the hernial sac.

(Reproduced b3^ permission from Archives of Pathology, 32: 708, 1941.)

My own studies had convinced me, several years ago, that, after endochondral bone

formation had ceased in vitamin-A-deficient animals, appositional bone formation con-

tinued, and in certain locations apparently became excessive. Restudy of bones from vita-

min-A-deficient animals, in the light of information obtained from the study of growth
patterns of normal bones and of bones of animals which had been given greatly excessive

amounts of vitamin A, has made clear the fact that appositional bone formation in the

A-deficient animals continues, until inanition supervenes, in strict conformity to normal
growth patterns, both as to situation and rate.

Some contours of long bones are formed by active appositional (periosteal) bone for-

mation; examples in the rat are the third trochanter of the femur, the crest of the tibia,

and the interosseous crests of tibia and fibula. In such regions the rate of appositional bone
formation is much greater than elsewhere. Serial sections of the petrous bones of normal
rats and dogs have shown that activity of appositional bone formation varies greatly in
different regions,—for example, it is much greater on the internal (medial) side of the recess
for the paraflocculus than on the external (lateral) side. In the latter situation in the rat,

resorption of bone is active. Other locations of relatively greater activity in relation to the
internal auditory meatus and cochlea have been identified, sufficient to warrant the state-
ment that the apparently excessive appositional bone formation in.the vitamin-A-deficient
animal also is correlatable with the pattern and rate of formation of the normal of the two
species. The normal pattern of this region in the rat is somewhat different from that of
the dog; likewise the untoward consequences of the deficiency in the two species.

Both in rat and dog, the replacement of cancellous bone by compact bone, which occurs
m normal growth and remodelling sequences, ceases. This feature of the deficiency is par-
ticularly well exhibited in the bones of the dogs’ calvarium and vertebrae.

In the chick (age of experimentation from day of hatching to three or four weeks)

,

I have been unable to find any continuation of appositional bone growth other than a
s ight degree of generalized appositional bone growth of all bones. The general picture is
lat of greatly reduced bone growth, resulting in cessation of endochondral bone growth,

gieat diminution of trabecular bone and of cortical bone, and great retardation of com-
pact bone formation.

In no situation have I found evidence of untoward pressure effect upon the nervous
system, resulting solely from local, apparently excessive, appositional bone growth.

Before further consideration of the thesis that all appositional bone growth in vita-imn-A deficiency is the result of the carrying out of a normal growth pattern, an account
'OL. 29
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Fig. 2-a Fig. 2-B

Fig. 2-A: Cnso N. 11. Pliologiaiili fallowing amount of flexion in hand bcfoic suIgerJ^ The index
finger had prcviouslj' been aminitatcd.

Fig.2-JJ: PJiologinjflis .Jliowing motion in the metacarpophalangeal joint of the middle finger
after arthioplasty.

anaesthetic, is deformed, or lacks flexor tendons, an arthroplastj' will not improve tl:

function of the hand much, no matter how good a joint is made. If there is excessi\

shortening of the metacarpal, arthrodesis ma}’^ be indicated.

Technique of Arthroplashy

An incision, approximately five centimeters long, is made over the dorsolateral aspect o

the joint. The joint is exposed through the space between the intcrosseus and extensor ten
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of the consequences of cxccssiA^c vitamin-A aclniinisiration upon growth of young animals

—

rats, guinea pigs, and dogs—is necessary.

HYPEUVITAMINOSIS A

Fractures of the long bones of rats following the administration of excessive amounts

of fish-oil concentrates, presumably the result of the vitamin-A content, were reported

by Collazo and associates in 1929 A brief review of the subject has been written by

Wolbach and Bessey who also reported that fractures of the bones of weanling rats

could be produced in from six to eleven days by the excessive daily administration of pure

vitamin A. No complete explanation of this disastrous effect upon growing bones was

given, but we did write: “An hypothesis we hold at the present time is that the early con-

sequence of excessive vitamin-A administration is the acceleration of some processes of

bone growth, notably: (a) periosteal proliferation, (b) epiphyseal-cartilage sequences pre-

liminary to endochondral bone formation, and (c) remodelling of bone attended by osteo-

clasis”.

Continuation of the study of hypervitaminosis-A effects upon bone growth has been

made possible through the assistance of Dr. 0. A. Bessey of the Public Health Research

Institute of New York, Dr. P. R. Howe of the Forsyth Dental Infirmary, Dr. D. M. Heg-
sted of the Harvard School of Public Health, Mr. Thomas Van Metre, medical student,

and Dr. Charlotte Maddock, Research Fellow in Pathology.

The following resume of observations and conclusions is based upon the study of

many rats and guinea pigs. Many chicks, a feAv mice, and two puppies were also, studied.

Because the growth pattern of young chicks is quite different from that of the mammals
studied, and because too few mice and dogs were used, this account is based upon the

experiments with rats and guinea pigs. However, in all species, the results of excessive
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of fractures; nor was it dinicult

to prove that the accelerated se-

quences, though disastrous m

their consequences, were m com-

plete conformity to norma

growth patterns in character and

localization. My first assump-

tion was that the rate of re-

modelling was a
^

function o

linear growth. This logical ra-

tionalization had to he aban-

doned in light of the fact that m
guinea pigs the remodelling se-

quences leading to fractures were

in progress concurrently with the

rapid consumption and ossifica-

tion of the epiphyseal cartilages.

Comparisons of the growth rates

of the long bones of normal rats

and litter mates receiving ex-

cessive amounts of vitamin A,

by means of x-ray films were

undertaken. The results showed

clearly that in the first week,

which covers the period in which

fractures usually occur when

large amounts of vitamin A are

given, linear growth rate of bone

is retarded, together with a de-

crease of food consumption and

growth of the rat as a whole. The

larger the amounts of vitamin A
administered, the greater is the

. 1 . • . .7 _ J7 4. T, o

Fig. 16-D

Four roentgenograms illus^ ^pon fhftible"! rati’"®'''

received 1250 interna-

. tioSSpe^™“mofwe|h^^^^^^
administered, the greater is the pjg i6.C; Tibia of

^
rat w

days to sixtj>--nine

retardation of growth and the units per gram o veig

niimipd to ei°hty-

greater is the rate and frequency le-D: Same rat
tibfa is within normal

of fracture (Figs. 15, 16-A, 16-B, fifth f the thinness of the shaft and

16-C, and 16-D). The micro- S^'contours near the epiphyses.

scopic sequences tally perfectly
Inoreased rate of multiplication of cartilage

with the gross changes. There is no evidenc
fewer than in normal controls. Corn-

cells; in fact, in both rats and guinea pigs, mi
<=pnuences is the accelerated rate of

mon to both guinea-pig and rat epiphysea -car 1

conclusion is warranted that an

growdh, maturation, and death (cytomorp osis .

, tissue—^which maintains, until

agent contributed by the dying or death
T WoTroTth^most commonly exhibited in the

maturity of vertebrates, sequences essentia °
of bone growth. Therefore,

embryo and foetus—is responsible for the remo
^ during growdh is a response

we may discard the simpler explanation that one
recourse to the subtler

to shifting mechanics of the skeleton and muscu
j,J^r^oted by the term induction. In

processes revealed by experimental embryology an
omtiirtor' the bone that under-

tho present instance, epiphyseal cartilage is the
^

goes resorption with concurrent appositional gr

competent tissue.
account of the microscopic details of the effect

No attempt is made here to give a full acc
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CoIIatei-al liqameal relaxed on exlension

Showing: collnloial 1 1 fin in dll'! of tlio nnlciioi tnp''nlo in ti noiinal joint

in the piGscncc of fcwclling and in the absence of proper splinting. The same situatn

exists in a metacarpal fracture Avith bowing wliich tiglitcns the extensors and lelaxes ti

intrinsic muscles by shortening the distance between their origin and inscition. Ben

slioit small muscles with a low’ amplitude of exclusion, the inteiossei and lumbiicales t

not adapt themselves w'ell to shortening of tlie distance between their origin and inseitio

as do the long forearm muscles. Flc.xion contracture of the wrist tightens the extensi

tendons and causes tliem to overbalance the intrinsic muscles. E.xtensor tendons whi(

are tiglit, due to adhesions or patliological changes in the muscles, are common and aie

difficult problem. Severe W’ounds of the forearm are generally splinted, w’ith the waist a

fingers extended, so as to approximate destroyed muscles or tendons. It is necessary at

proper to extend the w’rist but, if the fingers are held extended in a patient where tendi

graft or transfer is later indicated, they w'ill be held in such a position by adhesions. J|

least one extra operation is necessitated to obtain flexion, and even tlien the end result

tendon transfer or graft is likely to be compromised. Poor nutrition in the hand, W’ith

suiting vessel and nerve lesions, greatly accelerates the pathological changes in the joi

and makes them much more resistant to treatment.

Capsulotomy is indicated on metacaipophalangeal joints fixed in extension, if i

joint surfaces arc intact and if they cannot be mobilized wfith physical therapy and tr

tion. In the patients of this scries, traction ivas not continued beyond three w’eeks, if tli'

w'as no inclination of the joint to yield. Capsulotomy is frequently done in connect

with other ojicrations,—such as nerve suture, bone graft to metacarpals, tendon transit)

skin grafts, and aithrodesis of the w’rist. It cannot be successfully combined w’lth

operation which necessitates extension of the metacarpophalangeal joint follow’ing sing

or W’ith a flexor-tendon graft. Extreme caution must be exercised if a capsulotomy is ti
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eluding tlie petrous bone, arc prcciscl.y corrclaiablc with normal growth patterns. The

remodelling of the calvarium presents an interesting problem, because the increase of

cranial capacitj'- is the result of area increase of the enclosing bones. Growth at the base

in bones of cartilaginous origin ceases. The bones of the calvarium of membranous origin

normally increase their areas by appositional bone growth at the sutures. Change in radii

of curvature also takes place as the cranial capacity increases. In the normal, these two

features of growth—area increase of individual bones and changes in curvature—result in

a pattern of growth of the membranous bones, in which there is resorption of bone on the

exterior of the skull and deposition of bone on the interior surface. This remodelling of

flat bones of the skull is suppressed in vitamin-A deficiency, as well as the remodelling of

bones of cartilaginous origin, and results in thicker bones, cancellous in structure. One

illustration of the fact that the growth of the skull as a whole is suppressed is the fact

that in rats and dogs the extracranial lengths of the optic nerves are tortuous, because

they become longer than the size of the orbits require (Figs. 20 and 21).

We may conclude that the pattern of bone growth is determined by epiphyseal-ear-

tilage activities for which vitamin A is as essential, apparently without the intermediation

of other organs, as it is in vision. We may deduce that in the maturation of the cartilage

cells there is produced an inductor factor which is responsible for the maintenance of re-

modelling of bone during the growth period. Because the accelerated remodelling processes

caused by excess of vitamin A adhere precisely to the normal growth pattern, bone which

disappears during growth may be referred to as eompetent bone.

Recent crude experiments in which finely comminuted epiphyseal cartilage from calves

has been injected into young rats have jdelded results which indicate the correctness of

the deduction that epiphyseal cartilage is the source of a factor or factors governing the

remodelling of bone during growth.

The effects we have obtained do not duplicate in several ways those produced by ex-

cessive vitamin-A administration; nevertheless, they are quite distinctive and 'unlike

those of any other agent affecting bone growth. Briefly, they are the continuation of nor-
mal epiphyseal-cartilage sequences, premature resorption of the trabeculae of the primary
spongiosa, and, therefore, failure of incorporation of trabecular bone into cortical bone near
the epiphyses, and great resorption of cortical bone at sites of remodelling. Osteoclasts are
much less numerous than in excessive vitamin-A experiments, and appositional bone for-

mation is not accelerated. Such bones have fractured in the course of handling the rats.

While the cartilage-injection experiments have yielded results of the general nature
of acceleration of remodelling, important features of the normal processes are lacking, con-
ceivably because labile factors have been lost in the preparation and preservation of the
cartilage prior to injection.
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Fjg. S-A Fjo. S-B

Fig. S-A; CaFc C.B. Received severe injnrj' to liand, with traumatic amputation of the midi
finger. A pedicle flaj) Iiad liccn npiilied, but liad healed poorlj-. Fingers were stiff, with the me
carpophalangeal joint in Ji.vpere.vfension.

Fig. S-B; Following eap'-ulotomy of all melacarpoifiialangeal joints. Function is considered exc
lent in view of the extreme .‘^earring of the hand.

capsule is often stripped from the metacarpal head, when the joint is forcibly flexed; if

it may be reflected from the metacarpal head with a blunt dissecting probe. Occasion

following capsulotomy, the extensor tendon will become subluxated to the side of the
j

when it is flexed. If this condition is allowed to persist, the metacarpophalangeal j

cannot be activelj’’ extended. It may be corrected by sectioning part of the lateral ex]

sion of the extensor tendon on the side of the subluxation or by tightening the oppe

side. If the latter manoeuvre is used, flexion should not be started for one week and sin

be obtained gradually by traction. Following surgery, the metacai’pophalangeal joints

held in flexion, cither by rigid splinting or by traction. If it is necessary to release

J

k



MOBILIZATION OF METACARPOPHALANGEAL JOINTS

Arthhoplasty and Capsulotomy

BY MAJOR SAMUEL BENJAMIN FOWLER

Medical Corps, Army of the United Slates

Experiences in World War II have shown that stiff metacarpophalangeal joints are

ry common among patients admitted for reconstructive surgery of the hand. They follow

ost severe wounds of the hand and frequently injuries higher in the arm, particularly

ose wounds which are complicated by osteomyelitis, nerve injury, or large soft-tissue

ifects. Splinting has been responsible for the stiff joints in a number of cases.

ARTHROPLASTY

In the series of cases upon which this report is based, all the patients requiring

throplasty presented destruction of one or both joint surfaces. This destruction was
condary to compound comminuted fractures directly involving the joint, except for one
ise where ankylosis wms secondary to septic arthritis following a human bite. The inter-

hri\\ro\)\c^s\^^oi^^V\ei(\c(Ar pophc\\cxri(]ec\\ J o'nii

Proximal pholanx
severed i: ronsver^ely.

Metacarpal ta Jeered

on flat.

Fascia with web like.

oopsisteTicy used
between joints.

-Fig. 1

P a angeal joints were generally stiff to some degree, and the intrinsic muscles were
ctionless in several cases because, of destruction or adhesions. Some infection had

pro ably been present in every case.
Arthroplasty is indicated for ankylosed metacarpophalangeal joints wdth less than 30

^^giees of motion in a useful arc, if mobilization of the joint will restore a practical degree
unction to the digit. Arthroplasty of the thumb has not been considered wise in any

case of this series and has been done only once in the little finger. If a digit is permanently

lllinoi^!januaty 22
1946^°'^^^ Meeting of The American Academy of Orthopaedic Surgeons, Chicago,
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of the end results involves too many factors for a brief presentation. Factors contr
to impei'fect results are:

1. Failure to excise adequately the collateral ligament, particularly the ext

anterior portion;

2. Failure to strip the anterior capsule from the metacarpal head;

3. Failure to keep the joint flexed long enough;

4. Subluxation of the extensor tendon;

o. Muscle imbalance in the hand;

6. I’nunited and malunited metacarpal fractures;

7. Poor condition of the local (issues, including cicatrix and deficient circulation

CONCLUSION'S

Arthroplasty and capsulotomy are relatively simple procedures which can be use

mobilize metacarpophalangeal joints of the fingers, alTording useful joints, unless then

too main' other pathological changes.

The poor results of capsulotomy and arthroplasty arc due to conditions outside oi

joint itself, which often can be corrected by associated surgical procedures.

1. BvNNia.i., STi:iii.iNn: Surgery of (lie II.'uuI. Pliil.'uleljjlii.'i, .1. B. Ijijjpincott Co., 19-14.

DISCUSSION

Dll. STiaii.i.vo Bvn.n'i;u,. San Fii\Nri.«co, C.u.iroiiNiA: Tliis excellent p:ipcr is entirely in confer

witl) niy i)oint.« of view, and with what has been carried out in the nine .Army General Ho.«pitals v

the work of reconstnteting hands lias been done. I h.ave reviewed Major Fowlers fine work in rei)a

hands in the B.aker General IIo.=])ilal; I am familiar with his re.^ults, and can .substantiate his .statem

For both ca])sidotomy, which is really cap'-ulectomy. .and arlhroi>lasly of the iiroximal finger jo

there are certain refinirement.®. Tliere must be rcdnmlnncy of dor.-al skin and the smroimding parts i

be in good condition. The mn.'cles must be working. The long exten.^-'or tendon must be free i

adhe.don.s. and there must be a strong flexor. Normally the intrin.«ic muscles flex these joints; bu

combined median and ulnar jial.sy of these muscles, many patients with their long flexors can flex t

joint.s to a right angle but weakly, though not enough to prevent claw-hand. Therefore, if the interos

muscles have been destroyed, we must substitute for them in one of two w.ays. Either the tendon of

^exor ."ublimis digitorum is transferred to the dors.al lateral band in the finger, or the long flexors

liivon a better angle of aiiproach to the i>roximal segment of the finger. To obtain this better appro

the pulley over the metacarpal head is slit laterally.

The hood over the head of the metacarpal nuiy be of thin dec]r fascia or of paratenon from over

fascia lata. It should prevent the four surrounding tendons from adhering to the head of the metacar

Correct muscle balance is also nccessaiy. If upset by angulation forward of the forearm bones, wrist

metacarpals, the tightened exten.'or tendons will not allow the proximal finger joints to flex.

It is cs.'-ential to maintain this flexion, at first by plaster and then b3’ elastic splinting. Tliree tj

of splint.s for thi.s purpose have been described elsewhere,—one of plaster and one of metal, each with

outrigger over which run rubber bands; and, also, the ver.'^atilo knuckle bender splint.
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ms. A joint space of about one eentimeler i.s oblaiiicd, largely at tlic expense of tlic proxi-

al phalanx. The metacarpal head is fashioned .so that it inclines somewhat volarward, is

pered sharply anteroposteriorly, and is left Imoad and flat laterally. The phalanx is cut

ansverscly. The fine fascia overlying the fascia lata on the anterolateral aspect of the

stal third of the (high is used as the interposition membrane. It is meticulously inter-

sed between the joint surfaces, beneath the extensor tendon and deep to the tendons of

le interossei. If there has been a loss of intrinsic muscle substance, it is important to

ansfer.the flexor digitorum sublimis tendon into the lateral bands of the extensor aponeu-

sis. The shortening of the ray which results from the injury and which is exaggerated

I arthroplasty may so weaken the intrinsic muscles that they cannot forcibly flex the

etacarpophalangcal joint. Theoretically, it might be wise to transfer the flexor digitoi’um

Fig. 3-B Fig. 3-C

Fig.3-B: Photographs of hand, showing range of motion in the fingers before operation.
Jig.3-C; Photographs showing function in hand following arthroplasty.

Postoperative
middle finger.

Fig. 3-D
roentgenograms, showing arthroplasty of metacarpophalangeal joint of the

i'‘‘- 23. NO. 1> J.\NU.\ry in47
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Fic. l-C

Mechanism of oscillograph.

200-foot loll of recording photogtajihic paper
Driving roller

Take-vii) chainher
Cut-ofT knife.

Cut-off knife control.

Kccord-miinbenng iirojoefor.

S3'nchronou.s motor.

S' Timing disc.

fl: Magnetic clutch.
30: Galvanometers.

Viewing minor.
J2: Prisms md collimating slits.

IS: E.xternal viewing screen.

14 : Control panel.

In 1932 we were mindful of what the most useful records should reveal. On a back
ground of time in seconds and tenths of seconds, there should be recorded the sequencf

duration, and amount of pressure, as expressed tlirough the plantar surface of each foo'

in the act of walking. At that time, however, most earnest efforts failed to provide ttvc

essential pieces of equipment,— (1) galvanometers with required characteristics, and (21

material for tlie construction of pressure discs which had to be precise and uniform in

their reaction.

In 1939 an instrument was designed and constructed in the laboratoiy, which has

been in continuous use for recording normal and abnormal locomotion since that time

Pi-ovision was made in 1941 for simultaneously recording locomotion and muscle function

on the same record.

The instrument is an oscillograph, with independent light sources for each of two sets

of six prisms which reflect light to corresponding galvanometers. These galvanometers

are electrically connected to six respective areas on the plantar surface of the subject’s fed

(Fig. 1-A) by a twenW-five-foot flc.xiblc cable (Fig. 1~B). Within, the mechanism h

operated by a synchronous motor which drives the timing disc and the rollers, which move

the two hundred feet of photographic paper at a constant rate of speed. Light beams

j-eflectcd from the galvanometer mirrors expose the paper through a slit in the camera box.

Tlie exjiosurc of the moving photographic paper to the light beam from the swinging

THE JOUnNAE OF BONE AND JOINT



MOIUMZATIOX or Mi:TACAUPOI*nALANGi:AL JOINTS 197

Fia. 4-A

Case W. C. Roentgenograms of hand, upon admission.

Fig 4-B Fig. 4-C

Fhotogiaphs showing motion in hand before surgery. Active motion in the index and

Fig 4 O^^pi
^™'ted because of the stiff ring finger.

omt nf'u
-^^'otographs showing motion in hand following arthroplasty of the metacarpophalangeal

lie ring finger and amputation of the little finger.

.lee to which these changes become irreversible depends on the local tissues and their

St

factors which cause the metacarpophalangeal joints to be held in extension

ur h
evaluated. Splinting of these joints m extension by the surgeon does

j lit it is not generally the predominant factor, for these patients are young, and

often persevered m too long. However, m the presence of

tor^
processes, it may act as the precipitating cause. The most important

ensor
imbalance, due to paralysis of the intrinsic muscles, or any condition of

;er
toodons w'^hich does not allow complete flexion of all the joints of the

Ponl
i'^^bricales and interossei are the only muscles wdiich directly flex the meta-

>osed
they are functionless, the extensors are not sufficiently

leir action on this joint; and extension deformity is apt to result, particularly
i'’o ij January 1947
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departure from normal function of the foot can prevail without recorded evidence of the
dinercncc There has been no evidence of unfavorable psycliological reactions, when these
icsomccs have been used to make clinical records of locomotion.

With the oscillograph in operation, "electrical foot-prints” are photographed upon
the ]-ocord, while the patient walks without instruction as to rate. A record of normal
barefoot locomotion is illustrated in Figure 3-A. In Figure 3-B, a single stance phase of
(he right foot has been divided into its three major functional divisions. These respective
dnusions—rcception, support, and propulsion—are revealed by the pressures and duration

of weight-bearing on the lateral and medial aspects of

the heel, the fifth and tliird metatarsal heads, the first

metatarsal head, and the great toe.

In relation to the end of the third division of the

stance phase (jirojnilsion) on the right foot, there is the

beginning (reception on the heel) in the stance phase

of the left foot. Ilcrc we find recorded simultaneous

weight-bearing on both -feet. This is commonly referred

to as the period of double weight-bearing. The func-

tional pattern of the stance phase of the left foot dupli-

cates the corresponding normal functional record of the

right foot (Fig. 3-A).

We have found that the daj'-to-day variations in

TOT/ii. OFiaSTANTflNEOUS PRESSURES
56 167 159 152 iTS 25J I2<

0 98 ITJ tSi I5J 190 Z06 <3

Fig. -I'A Fig. 4-B

Fi{r.4-A: To illii-slralc the inclliod of inc.nsurcment, the rc.'^pcctivc curves were vertieall.v separated

from each oliier without alteration of lime interval. Pressures are measured at each 0.05 second

intervals for respective curves.

Fip. 4-B: A single line curve for the step shown in Fig. 4-.‘\.

the oscillographic record of the same individual arc not great, and this is resolved in the

average for tlie individual. Also, variations between individuals lose their significance in

the computation of a group average.

Biological data in general, regardless of the problem or method of measurement, are

recognized as subject to wide ranges of individual variations. Diffeiences found in relation

to oscillographic records of locomotion fall within a useful rairge of constancy, as defined

by the practical ajrplication of biological data in other fields of investigation.

Tlie method of measurement for the quantitative expression of such functional records

is illustmled in rigiiro 4-A. It is accomplished through the use of direct-reading scales.

Pr«s,irc5 arc .ncasurccl at each 0.05 second interval for respective curves. Max,mum and

average preasin-c values for each of the curves .are easily obtamod from the tabulation,

duralion of pressure is rend directly from the record.
. , . +

Vor the gross comparisons of the function of the foot .as a ad,ole, adv.ant«ge ga n

by the use cl the single lino curve. This is const,-ucted by addition of all pressuia values
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Fig. 6-A Fig. 6-B

Fig. 6-A; Case J.S. Showing loss of flexion in metacarpoplialangeal joints of index and middle
fingers.

Fig. 6-B: Showing motion in fingers following capsulotomy of metacarpophalangeal joints and
lysis of extensor tendon to the index finger.

n a hand with circulatory insufficiency, for gangrene of tlie fingers may result. The opera-

ion will not be successful, unless the extensor tendons are free and allow complete flexion,

rhe ankylosis is apt to recur, if muscle imbalance or metacarpal deformity remains.

rechnique 0/ Capsulotomy

An incision, about 1.5 centimeters long, is made in the dorsal web on both sides of the

iffected joint. A one-centimeter longitudinal incision is made in the extensor hood, 0.5

ientimeter lateral to the extensor tendon. The anterior part of the extensor hood is then
•etracted, with the intrinsic tendons and the collateral ligament completely removed. This
s done on both sides of the joint, according to the technique of BunnelP. The joint is then
iexed by placing the thumb over the dorsum of the base of the proximal phalanx and
pushing the phalanx forward and flexing it at the same time. If the interphalangeal joints
extend as the metacarpophalangeal joint flexes, it indicates that the extensor tendon is

laught in scar tissue and this must be corrected. If the joint opens like a book instead of
lie phalanx gliding around the metacarpal head, the base of the phalanx is being blocked
3y an adherent anterior capsule. The joint can hinge open, so that the phalanx is at right
mgles to the metacarpal; but, unless the base of the phalanx passes around to the anterior
portion of the metacarpal head, the deformity will certainly recur. The adherent anterior

I' Fig. 7-A Fig. 7-B

Photographs showing loss of flexion in metacarpophalangeal joint and loss

«
m interphalangeal loints of index finger, following old, compound fracture of second

, pf
destruction of intrinsic muscles to index finger.

' joinfan'rl t
function in index finger following capsulotomj^ of the metacarpophalangealm transler of flexor digitorum sublimis tendon to extensor aponeurosis.

It*. 29, xo.
,\
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Fifi. G-A

No pressure on left lied.

MPOOl - 4/16/40 LEFT CALCANEAL

Fig. C-C

No pre.-.-iuro on left nicrliiil licol nnd fore
rl of fool.

Noth: Fiincfioiiiil eonipcn.«a(ions required on
normal function in each instance.

AND A. L. HEATH

No pre.‘!.':urc on riglit medial heel and fore
part of foot.

'normal” side rej)resent gross departures from

is comiDon lo all others in walking from place to place. For these reasons, we have found

cii/Tcrenccs in the i-ccorcls of noi'inal individuals. But tJie cliaracteristics common to all

dominate, and the individual characteristics are eliminated when the records of a large

number of normal subjects arc reduced to a single curve.

This fact was revealed by the following procedure. The records of eighty-seven

nurses were divided into various groups on the basis of age, weight, height, rate of walk-

ing, and pronation. This was done for the purpose of determining which of these factors

gave significant evidence of a dominant influence, and to determine the base line against

which all records, normal and abnormal, could be compared. We have found that the rate

of walking has a significant effect upon the pattern of the curves in the stance phase of the

step. As yet we have been unable to fully explore for similar groupings on the basis of age,

weight, height, and pronation.

The influence of rate of walking is revealed in Figure 5-A. The eighty-seven records

W{>re divided into five groups on the basis of the average duration of the stance phase in

each recoi-d,—that is, the rate of walking. The method of measurement previously de-

.‘^ci'ilied was used, and the results in each of these groups are represented by a single curve,

fidiesc respective curves express the total amount of pressure exerted through all of the

respective pressure discs at successive time intervals during the stance phase of the step.

The variations due to rate of walking are quite evident.

In Figure fi-B the measurements for respective groups were statistically reduced o a
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Fig. 9-B Fig. 9-C

Fig.9-B: Photographs showing function in hand with ununitcd fracture of second metacarpal and
fiiff sietaearpophalangeal joint.
Fig. 9-C; Photographs showing function in index finger following bone graft to second metacarpal

ind capsulotomj' of the metacarpophalangeal joint.

Fig. 9-D

Roentgenograms of hand following bone graft to the second metacarpal.

) ecause of pain or undue swelling, a traction cast is reapplied at the earliest oppor-
5 , and correction is gradually obtained. Full correction is maintained for three weeks;

ved
traction splint is applied, which is worn for about one month and re-

giadually. It is reapplied if there is a tendency to recurrence of the deformity.

iults

The results from capsulotomy are excellent, and 80 to 90 degrees of motion may be

n tissues are good and the mechanics of the hand are satis-

ns^^Tl
capsulotomies have been done, mostly in conjunction with other opera-

le associated pathological conditions have been such that meticulous tabulation
•29, No 1, JAKU\RY 1047
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Dunition of sinner' piiase loiifier on liic left.

Gross cio)iarlurc from normal curves bi-
Inlcraily.

4/16/40 RIGHT QUADRICEPS

Fic. S-B

Curves of right foot arc essential^' a mirror
image of tlmse for left foot (Fig. 8-A).

Same eliaraetcristics in curves of left and riglit foot on respective records. Gross differences in
compensatory function by loft ami right feet in respective records.

in locomotion, there is an expression of values very different from those which fall within

the limit.? of normal function. This fact fosters further confidence in the quantitative

definition of normal human locomotion, as previously presented.

It is not our purpose, within the scope of this paper, to discuss the details of recorded

disabilities. However, the potential significance of information pertaining to normal loco-

motion jnay be indicated by a brief reference to the manner in which the records of

disabilities differ from those of normal locomotion.

In Figure 6-A, a left equinus gait produced a record free from weight-bearing on

cither medial or lateral aspects of the left heel. The increased work done by the fore part

of the left foot is indicated by the longer duration of the stance phase (slower rate) and

the increased height of respective curves, particularly at the third metatarsal level. Essen-

tially the same characteristics prevail in the record of a right equinus gait (Fig. 6-B).

A left calcaneal gait is illustrated in Figure 6-C. The weight is borne primarily on the

lateral aspect of the left heel. In Figure 6-D, the record of a right calcaneal limp is essen-

tially identical to that in Figure 6-C, the continuously straight base lines corresponding to

(he first metatarsal head and great toe.

Figure 7-A reveals the absence of pressure on these levels in a left varus limp. The

lateral heel and fifth metatarsal curves arc higher and longer; the medial heel and third

metatarsal curves are lower than normal. In the record shown in Figure 7-B, there are re-

vealed the cliaracteristics of a more exaggerated varus limp of the right foot. Here there is

omission of weight-bearing on medial heel, first metatarsal head, and great toe. The major
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THE DEEINITION OF lIluAIAN LOCOMOTION
ON Till-: BASIS OF MEASUREMENT

With Dicscuittkin’ ok Oscii.i.ocitAiMiic AIicTiion f

BV R. I’LATO SCHWARTZ, M.I)., AND ARTHHH h. HHATH, H.S., ROCHESTER, NEW YORK

From Ihc Drpnrivioit of Surgrrii, Dit'hlon of Oiiliojiardicn, Vnivrrsily of Nocheslcr,

School oj Medicine and Dcnlixlry, Hochrxicr

The iniporlancQ of norinal loeoinofion (o Ihc jihysical and economic advantage of

ery individual is self-evident. Tlic significance of human locomotion to orthopaedic

I'gery is found in that large pcrccniage of patients who require treatment to preA^ent

sabilities in the function of walking.

In previous pajicrs'^''''’'’, wc have ])rcscnted a review of the literature on this subject.

I the relatively few references, some of which must be regarded as classics^’--^’®'”, there

as none whieh could be aiiplied to clinical problems. Work done in the past did not
wide the means for a quantitative definition of normal human locomotion

;
therefore,

inctional disabilities and the results of treatment could be recorded only in words and
i various methods of illustration.

Six
Pig. 1-A

i'espe(ftive*^|pv'of'^*’^*'’® applied to
each foot

01 the plantar sudace of

Fig. 1-B

Subject, oscillograph, and operator. Records
are made with the subject either wearing shoes or

barefoot.

Tli0

partT
the problem has defined the narrow limits within which a combination

b be r d^^
resources can be made to provide I’ecords, from tvhich human locomotion

orts wl M tneasurement. This has been repeatedly emphasized in the successive

Ej'edthed^*^
tirade since 1926. It is these exacting requirements which hav^e'

^

^t'elopnient of the present resources for a period of eight jmars.

t Read befor^^'^?^
Rom the National Foundation for Infantile Paralysis, Inc.

ie 27, 1940 fleeting of The American Orthopaedic Association, Hot Springs, Virginia,

=^-^'0-1,J.AXU.ARY194T
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backward (Fig. 9-B). In running (Fig. 9-C), the duration of the stance phase is reduced

to 0.15 second (± 0.7 sec. for normal walking) without an)^ weight on the heel. Foot

function is limited to the respective levels of the fore part of the foot, including the great

toe. The record of normal barefoot walking (Fig. 3-A) is here repeated (Fig. 9-D), for

ease of comparison with the records of abnormal limps.

In Figures 10-A, 10-B, 10-C, and 10-D, the respective records of functional disabilities

have been reduced to single curves for respective feet. Such disabilities are characterized

by the manner in which they alter the duration of the stance phase on the respective

affected and normal extremities. For this reason, the records of functional disabilities

should not be reduced to the 0.65 second for the duration of the stance phase of the step.

In all of these single curves of functional disabilities, it will be noted that the duration

of the stance phase is significantly greater than normal, and that the curves are grossly

different. This may be accepted as an index of our experience since 1940. From this we

conclude that the variations within the limits of normal locomotion cannot produce a record

characteristic of any significant functional disability.
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oi see’nn^^' iT^”®
record of “normal” barefoot locomotion on a background of time in seconds and t«

Pig 3 U
* *"^'6 source of measurements.

S- -B; This illustration is a break-down from Fig. 3-A to provide a better understanding of Fig.
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variations on the sole of the foot, due to gait. Having established the normal, he is now beginning, as he

has shown, to study abnormal gaits; and this offers an absolutely inexhaustible field for investigations

with its analj'ses of the functional, as well as of the anatomical, disabilities arising from mu.scle imbalance

and joint restrictions.

I certainly want to congratulate him on his tenacity, ingenuity, and ability for critical analysis,

I also want to sympathize with him in the prospect of the tremendous volume of problems which this

method puts in his lap for solution.

Dr. Arthur Steinducr, Iow.^ City, Iowa; I alwaj's have had the greatest admiration for Dr,

Schwartz’s achievements in this veiy difficult line of observation of the human gait. In order that we

maj" understand how it fits into long studies of human gait, we will have to realize that this repre.senfs

a most ingenious, simplified method of measuring counterpressure by direct observation. That was the

thing that Braune .and Fischer failed to develop. For this reason, they had to follow a circuitous route

of obsendng pressure by calculating the derivatives from path curves, to velocitj' curve.s, and to the

curve of acceleration, which obviouslj'^ will give the force, because acceleration is a function of the force.

It took Braune and Fischer eight hours to dress their subject, in order to demonstrate with Geisler tubes

the path curves alone. In order to bring about a determination of those horizontal components of the

pressure curve, we are now in possession of enough information to calculate the horizontal components,

as the heel is being put on the ground, as ivell as the strengtli of propulsion and re.«traint in the terms of

this resultant component during the standing ph.ase. The development of Dr. .Schwartz’s method has

marked a tremendous advance in our ability to mea.sure the force directly. The problem now is opened

to the general benefit of the profession. It finallj' has become .something that the orthopaedic surgeon

can tackle.

Dr. Schwartz (closing) ; It has been our continuous desire to develop a method of recording loco-

motion that would have some potentially clinical usefulness. At present, it seems to us that we have

accomplished this objective and reduced the method to a relatively simple procedure.

It is true that we do not measure total pressures. It is also true that total pres.sure has not been

our aim. We feel that we have briefly given you the results that provide an index of the normal pattern

of human gait.

Granted, there are individual characteristics of locomotion. One of the reasons for potential dis-

couragement in the beginning was the oft-repeated statement that “there was no use in doing this work

because e\'eryone walks different!}'’”.

Such objection was not valid. Everyone has a common pattern of locomotion on which individual

characteristics are superimposed. We have recorded and given quantitative cxprc.<sion of the common

pattern.

I am duly grateful for the time and consideration which were given to this paper by Dr. Inman,

Dr. Johnson, and Dr. Steindler, as indicated in their respective discussions.
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wliicli occur siimiliuncously williin llic O.Of) sctoikI intervals from tlie beginning to tlie

end of the stance jiliase of the step. Tlie.se .succc.ssivc values are shown at the bottom of

Figure 4-A,—that is, the total of instantaneous jiressiires.

\Vhen plotted on a graph, with the same time base as in Figure 4-A, the resulting

single curve represents the summation of prc.ssures common to the foot during the stance

phase of the step. By thus resolving all functional details of the six most significant levels

of the foot into a single curve, the most graphic quantitative comparison of variations in

foot function is achieved (Figs. 10-A, 10-B, 10-C, and 10-D).

In Figure 3-B the duration of contact of tlie respective levels of the right foot with

the floor is indicated. This is summarized in Figure 4-A. The period of double weight-

bearing (Fig. 3-A) is 0.17 second, in which time interval the entire plantar surface of the

left foot, not including the great toe, was in contact with the floor. This period of double

weight-bearing is constant for normal individuals when -walking at the average rate of two

steps per second. The duration of double weight-bearing lengthens as the rate drops,

shortens as the rate increases, and is absent in running (Fig. 9-C)

.

The swing phase of the stej-),—that is, from the time the right or left great toe leaves

the floor until the right or left heel contacts the floor, is ± 0.5 second, as illustrated in

Figure 3-A (0.43 sec.) . The stance phase of the step is ± 0.7 second, 0.2 second longer

than the swing phase.

All records of normal locomotion have essentially equal duration of time for the stance

phase, double weight-bearing, and swing phase of the step for right and left foot, respec-

tivel3^ Any significant inequality of time interval for one or more of these recorded values

is characteristic of a limp, and is accompanied by departure from the pressure curves

which are typical of normal function.

It is common knowledge that an individual may be recognized by the sound of his

footsteps. This means that each individual walks differently. However, it follows that all

normal individuals superimpose their slight differences upon a functional expression which

SUMMARY or successive INStANTANeOUS PReSSUReS AVERACe OF SUCCESSIVE INSTANTANEOUS PRESSURE
WALKING BAREPOOT- 87 SUBJECTS CURVES AFTER CONVERSION TO MEAN TIME BASE

CLASSIFIED BY STANCE PHASE DURATION OF .65 SEC.

T.. ^
I'Tg. 5-B Fig.S-D

X*! jfT 5- A * O
V f

,* '"®®d'®P’’6senting the single line analysis of eighty-seven nurses.

^'g.5-C-
curves in Fig. S-A were statistically converted to the standard time base of 0.65 second.

I^ig.o-D- A '
pressure flow for the foot as a whole, for the entire group.

Average curve for a group of male subjects resulting from the same method.
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This was an especially acute problem in the Territory at that time, for two reasons:

First, in stevedoring, the laws, both federal and territorial, make no provision for com-
promise settlements in case of unapportionable disability arising from a pre-existing

condition, such as hemivertebra or hypertrophic changes associated with sprain of tin

back. One such case has been carried by the company for more than four years. In othei

words, the company is responsible for care of the man. Second, the recently invalidated

martial law likewise prevented the man from leaving his job, so that only death, iht

doctor, or crime could part him from his employer. It was, therefore, unwise to hire a man
who might prove to be a liability, and equally unwise for the employee to try work for

which he might prove unfit.

Backache was also a problem at the Navy Yard, among the civilian employees and

other contract workers. Thousands of Caucasian and Negro workers were employed by

defense contractors and at the Navy Yard; all of them were supposed to have had pre-

employment examinations, but these must have been cursory.

The stevedore applicants were largely local men in their early thirties; two-thirds

were Filipinos, a seventh were Japanese, and a fifth were of mixed races. These local

residents had their own homes or boarding houses, and friends; and they ate their ac-

customed foods as far as possible. The individuals of a similar average age who had come

from the mainland were strangers in a strange land, ill-housed, uncongenially quartered,

poorlj’- fed, separated from home and loved ones by censorship, irregular and slow com-

munications, and lack of travel facilities; frequently they had no friend to whom to talk.

Both groups were subject to the sunset-to-sunriso curfew and a strict blackout; they were

restricted as to movement; entertainment wms non-existent; the choice of food was limited;

and all were "frozen’^ to their jobs. AU these inconveniences bred unhappiness and ills.

Largely from these two groups, during the past four years the author has examined

560 persons with backache; 470 were men and 90 were women. During the first year, it

was noted that roentgenograms of the back showed abnormalities in all but about 5 per

cent, of the indviduals with backache. A progi’am of pre-employment examinations was

instituted for the stevedores of Castle and Cooke Terminals on April 23, 1943, and con-

sisted of obtaining anteroposterior and lateral roentgenograms of the lumbosacral junction

of all applicants. In the following three years, 1049 applicants for stevedoring were

examined. A similar examination was made of 131 men, employed as stevedores before

April 23, 1943, who complained of chronic backache. The group of private patients with

backache, the complaining stevedores who had not liad an examination of the back, and

those who had had pre-employment examinations form three groups, each of wliiclr will be

scrutinized; comparisons wdll be made when possible. The "old" employees were those

employed prior to April 23, 1943.

In order that the appraisal should be fair, it wms essential that the orthopaedic sur-

geon be acquainted with the nature of the work required of the men. Equipped with

military passes and accompanied by the proper officials, the author inspected stevedoring

operations of all kinds
;
the physical demands made on the men were appraised, ns well as

the types of cargo and the methods of handling it.

Cargo brought to the side of the ship by mechanical means must be hoisted or con-

veyed aboard and then lowered into the hold, either directly or by chutes. Up to this

TABLE I*

"
1

[

1941 1942 1944 1345

Niunber of backaches

Total number of days lost

Average number of days lost per patient

1
76

908 ^

1
11.95

1

1

’

71

871 1

12,25
j

37
272
7.35

85
^ 188

2.2

Figures supplied by Castle and Cooke Terminals, Ltd.
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I I 1 MUM M M M M M M I rm I I IMI M M M I M M M I M M M MIN'
Fig. 7-A Fig. 7-B

Functiou absent on loft medial lieel, the Function absent on right medial lieel, the
first metatarsal head, and groat toe. first metatarsal head, and great toe.

Fig. 7-C Fig. 7-D

Function absent on left fifth metatarsal Function absent on right fifth metatarsal
nead and great toe. head and great toe.

Note; Absence of function on one or more levels is accompanied by greater function on other
levels of the same foot.

common duration for the average stance phase of the step,-—-that is, 0.65 second. It is

evident that the removal of the variable in this instance was accompanied by a greater
similarity in the curves representing respective groups. Here we have expressed a fair

example of the high-limit and low-limit characteristics which are common to the single
curve for normal locomotion. At present it is felt that a single curve, expressed in terms

0-65 second for the duration of the stance phase, is the most reliable expression of
normal locomotion.

The single curve (Fig. 5-C) represents the average of the five curves in Figure 5-B.
igure 5-D represents a similar analysis of records of twenty-one men.

The evidence thus far presented does emphasize the fact that human locomotion is a

I'ciy complex function. Although it is normally expressed with ease, its simplicity is denied
y any serious effort to quantitatively define its characteristics. Concurrent with such an

_

there is fostered a respect for the many factors which simultaneously prevail in
aiying degrees and, therefore, constitute variables which must be given due consideration.

at the quantitative definition of the normal characteristics of barefoot

feel that the method of recording can be accepted as reliable. We are

n’fi
'^^'^fident that the simple method of measurement of the records is free from sig-

the
in reducing (1) the rate to a common stance phase of 0.65 second, and (2)

curves for each foot to a single curve.
len this identical procedure is applied to the quantitative evaluation of disabilities

wnuart in4v

j-n arriving

*^coiiiotioii. \ve
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which no back examinations were made. In 1944 and 1945, all stevedores were examined.

Each period included one full year and one partial year of war; otherwise the factors were

alike. The figures for 1945 are more complete than those for the other years, and reveal

several other bits of information. Of the 850 stevedores employed by Castle and Cooke

in the latter part of 1945, 612 had been employed without back examinations and 238 had

had pre-employment examinations, indicating a wide marginal turnover among stevedores.

The most significant finding in respect to the causes of backache among stevedores

lies in the fact that 62 (73 per cent.) of the total of eighty-five backaches in 1945 appeared

in the atraumatic group. Of these, forty-four (71 per cent.) developed while the men were

working with special, or repetitive, cargo.

Observations concerning treatment and disability are summarized in Table II. The

significant findings are the gi’eater number of repeaters in the unexamined group and the

greater amount of time lost per backache in this group.

The efficiency of the ratings may perhaps be gauged by the fact that, of the examined

group complaining of backache, five had been rated as good and eight as fair. The one

poor risk, who had been employed through an error, appears in the backache group.

It would therefore appear that, by pre-employment rocntgenographic examinations

of stevedores, (1) 30 per cent, of applicants have been eliminated as unfit for this work;

(2) the time lost as a result of backaches has dropped by 82 per cent.; and (3) the com-

pensation paid has fallen from about 375 days in the first two years to thirteen daj's in the

last two years.

No objection to this plan of examination has been received from the employees or the

labor union; their attitude is rather that of cooperation and appreciation, for they feel

that the present system is designed for their protection. This is due largely to the way the

problem has been handled by Castle and Cooke’s Personnel Department. Each man re-

jected has had the reason for his rejection discussed with lum by a member of the Per-

sonnel Department, who has been instructed in the meaning of the various terms appearing

in the reports. Each person rejected may consult the author without cost. He is shown

his roentgenograms, and the difficulty is explained. A number of persons with correctable

conditions have had surgery. All have seemed grateful. One or two with spondylolisthesis,

who gave no history of backache, were not reconciled to non-employment as stevedores,

because they needed the “big money” ($1.00 per hour)

.

The medical study should be prefaced by two observations:

1. In a person complaining of backache, an examination during a symptom-free

interval is nearly useless.

2. Except in a few conditions, such as fractures and destructive disease of the verte-

brae, a rocntgenographic examination does not prove that a particular finding is the cause

of a specific backache. This is difficult enough with the patient and his roentgenograms

lying side by side.

CLINICAL FINDINGS

Concerning these studies, medical men might be interested in several points:

1. Among the private patients, the distribution of the backaches was as follows:

TABLE III

C0NGCN1T.\L AND ACQUIRED DEFECTS IN ThREE GrOUPS OF PATIENTS

Private Patients

(Per Cent.)

Old Employees
{Per Cent.)

Pre-EmpiojTOent

Group
{PerCenQ _

No defects

Congenital anomalies alone

Combined congenital and acquired defects

Acquired defects alone

5.3

21.9|s8.4

ii}v2.s

13.7

13.7}58.7

g;S}T2.4

i 1S.S

19-9 }51.S
31.9 {

1

29.3 ;61-2
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MPOOl - 5/1/40 CENTER OF GRAVITY
DISPLACED FORWARD

Fig. 9-A

Minimum function on liecl.s maximum
function on fore part of tlic foot; duration of
stance phase lengthened.

Fig. 9-C

Stance phase shortened to ± 0.15 second,
Without heels participating; ± 0.1 second be-
tween contact of respective feet.

MPOOl - 5/1/40 CENTER OF GRAVITY
DISPLACED BACKWARD

Maximum function on heels, minimum
function on fore part of foot; duration of

stance phase lengthened.

Record of normal walking for comparison.

Weight is borne on lateral-heel and fifth-metatarsal levels, with only a small share carried
by the third metatarsal.

The recorded characteristics of a valgus limp are revealed in Figures 7-C and 7-D,
elt and right foot, respectively. The most exaggerated deformity is expressed in the
anctional deficiencies recorded in Figure 7-C. Partial or total absence of weight-bearing
the levels of the fifth and third metatarsals and great toe, with grossly elevated first-

roetatarsal curve, is characteristic.
The quadriceps limps recorded in Figures 8-A and 8-B, left and right foot, respec-

ively, show significant function on all six levels of respective feet, low and abnormal
nbution of pressures on heel and first-metatarsal levels, high and abnormal distribution

° assures on the other three levels.
Tlie records of left and right stiff-knee limps (Figs. 8-C and 8-D) show a lessening of

gmat-toe function on the affected side, and emphasize the functional adaptation required
le nonnal extremity to compensate for the functional disability expressed in a fully

‘^Mended stiff knee.

^
marked forward displacement of the center of gravity while walking (Fig. 9-A),

normal foot function is expressed through the heels, the fore part of the foot

the
work. These functional expressions through respective levels of

not are essentially reversed, when the center of gravity is correspondingly displaced

29, No. JANUARY 1947
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TABLE VII

Hypertrophic Changes

Group Examined
Before Employment

(Per Cent.)

Private Patients

(Per Cent.)
Old Employees
(Per Cent.)

One location 69.0 69.0 56.0
Two locations 24.1 ' 25.5 33.0
Three locations ' 6.8 5.4 11.0

backaches in persons having these conditions, or both. In any event, the appearance of

such conditions should discourage the employment of an individual for heaAy labor.

5. Three conditions were studied to see if their frequency of occurrence dropped in

the non-stevedore group with backache, but increased in the group doing hea^y labor

(Table VI). The significance of the observations is not altogether clear. Spina hiMa

occulta appeared so frequently as a secondaiy finding among the major causes of backache,

listed previously, that its increase was probably of no special significance, but rather

something left over after the hard labor had tended to eliminate those individuals having

major causes of back disability. The author considers spondylolysis as a potential source

of spondylolisthesis, and distinctly a backache hazard, which is brought into prominence

by hea-v^ labor.

6. Since hypertrophic changes are likely to occur in numerous places in the same in-

dividual, the statistical evidence as to the importance of multiple appearances was con-

sidered. Hypertrophic changes have been placed in three anatomical and physiological

!

roups; (a) the longitudinal ligaments, (b) the iliolumbar ligaments, and (c) the sacro-

iac ligaments. Several intervertebral spaces might show changes, but they would all be

rouped as one, under longitudinal ligamentous clianges. Therefore, we are limited to three

possible appearances (Table VII). This table would seem to emphasize the frequency of

multiple hypertrophic changes among old employees, and would apparently point toward

(a) heaAy labor as a cause of the condition and (b) the occurrence of multiple hyper-

trophic lesions as a cause for the rejection of an individual for heaAy labor.

The general group with backache was made up of men and women from nearly all

walks of life, but none of the women were stevedores. Table VIII brings out several facts

concerning these women: (a) Hypertrophic changes occurred about 50 per cent, more

frequently among women than among men; (b) multiple lesions were more frequent in

women; and (c) the three areas in which the women showed a more marked predominance

of hypertrophic changes than the men were the thoracic, sacro-iliac, and iliolumbar regions.

These three areas are the ones -most subject to the ever-increasing strains of childbearing.

The thoracic area takes the strain throughout the period of gestation, while the pelvic

ligaments are more subject to the periodic relaxations of the pelvis and the occasional

bursting strains of childbirth. The greater obliquity of the female pelvis may also play

a part in this predominance.

Longitudinal ligaments

Cervical

Thoracic
Lumbar

Iliolumbar region

Sacro-iliac region

TABLE VIII

Locations of Lesions

470 Males
(Per Cent.)

90 Females
(Per Cent.)

42.5 44.5

1.5 2.2

3.5 8.9

37.5 33.3

9.1 15.5

24.7 49.8
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The reason for <liis study is flial improvement in the treatment of dysfunction in

other fields of medicine has followed in the wake of a quantitative definition of normal

function.

By the application of s])ccial resources, herein described, human locomotion has been

recorded. The normal charactei'istics have been measured, and the stance phase has

been expressed in a single curve, as related to lime and pressure.

Likewise, it has been shown that any significant dysfunction of human locomotion is

characterized by a gross departure from the normal curve of the stance phase.

The application of these resources to clinical problems provides for the cAmluation of

therapeutic results on the basis of measurement instead of memory.
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DISCUSSION

Dr. Verne Inman, San Francisco, California ; The present studies of Dr. Schwartz have resulted

unprovement over the previous methods bj'^ indicating the pressure transmitted through the various
portions of the foot, as well as the time interval of contact. The piezometric discs are ingenious and,

'ey are as readily calibrated as indicated in the paper, the discs will certainly have a wider application.
'0 lack of an adequate mechanism for the measurement of pressure has been a stumbling block to

engineers, as well as to investigators in the biological field. I regret that Dr. Schwartz did not give more
roinute details of construction in his publication, but sincerely hope that he will make them available
to other workers.

"^^'0 present study shows the progressive transference of weight from the heel through the fore part
'6 foot in normal and pathological gaits. The time of transference of pressure through tlie selected

the*^^

the foot is nicely shown. However, I should like to ask Dr. Schwartz if it is not true that only

of
transmitted through the areas covered by the discs are recorded and not the total pressures

the
^ other areas than those beneath the discs may be in contact with the floor. Furthermore,
piessure discs record only vertical forces, and it would be exceedinglj’- interesting to know if sheers
orques are present as weight is borne upon the foot. To obtain these latter data, it seems to me, the

^ ° ^ plate would be required.

full 1

Schwartz himself indicates, the study of human locomotion is complex, and I believe the

of tl

work will not be appreciated until it is correlated with the motion of the other segments
'G ower extremity. It is hoped that such investigations will soon be undertaken.

fl'stilH
Johnson, Baltimore, Mabtland: In these few minutes. Dr. Schwartz has given the

labor
Hiany long and tedious hours of experimentation and obsenmtion. I recall well a visit to his

"lecha
^ Dumber of 5'-ears ago, lAdiere flashing lights revealed the earliest patterns of the tread

locomotion. Following through his series of articles, one sees the va ' fP "'/ns
® > met; and it would seem that now he has definitely established the time seqi \

ary 1047



AN IMPROVED SKIN-TRACTION TECHNIQUE FOR THE FINGERS

BY LIEUTENANT COLONEL HART\YIN A. SCHULZE

Medical Corps, Vnilcd Stales Army

The conservative methods of treating oblique fractures of the metacarpals and th(

proximal phalanges of the fingers ordinarily require prolonged traction. To meet this need

the fingernail method and the soft-tissue transfixion method are usually inadequate. The

skin-traction methods which employ various t3qres of adhesive tape or glue are also unsatis-

factory, because of early slipping. For these reasons skeletal traction, employing Kirsch-

ner wires or tongs, is ordinarily considered the method of choice. The application oi

skeletal traction, however, has the disadvantages of requiring an expert operator, a precise

technique, and special equipment. It is accordingly time-consuming.

Since the skin of the fingers is tough and relatively immobile, skin traction at this site

Fio. 1

Application of bias muslin binder over crinoline gauze.

*>.TTt TntXfT stlRGERf



P11K-KMP1.0YMENT EXAMINATIONS OF THE BACK

nv STICICLH r. STl^WAHT, M.n., HONOUJI.U, TEKUITOnV OF HAWAII

This prcsciUaiion is the account of an attempt to prevent and to eliminate backache

among men engaged in a licavy industry,—stevedoring. The types of backache will be

reviewed briefly, and jicrhajis reclassified.

1. Referred backaches, resulting from abnormalities of the prostate, gall bladder, or

other organ, do not come within the scojic of this study.

2. Acute traumatic backache as the result of falls or direct blows may come to any

man and, since they cannot be anticipated, do not fall within the field of preventive medi-

cine or of this paper.

3. Acute atraumatic liackachcs arc of two general types:

A. The first type may arise from several diverse but related causes,—such as fatigue,

exposure, or salt deficiency.

Fatigue is produced (11 when a novice docs unaccustomed tasks for a prolonged pe-

riod (as Holman Day observed, “No one knows how many backaches are in an old stun

i^’aH.”)
; (2) by uneconomical posture; (3) by sleeping as if suspended by one’s head and

heels in a sagging bed; or (4) by doing monotonous repetitive acts. It is this last cause

which enters into most backaches in stevedores, which arise from handling cargo. For
example, in working with sugar, each man picks up, carries, and stacks a hundred-pound
sack of sugar every seventy-nine seconds, eight hours a day. With pineapples, each man
handles a fifty-five-jiound case of pineapples eA'Ciy forty-five seconds throughout the day.

Stevedoring is therefore a very active occupation, and there is little opportunity for

postural or static difficulties to develop. Hence postural peculiarities are not considered
in this group.

Exposure is the second major cause of this type of backache. In the tropics, it may
be the result of working with “icehouse” cargo or sitting in sweat-soaked clothing under
the chilling effect of the balmy trade wind. This causal relationship was noted by Pasquin
a century and a half ago, when he wrote: “He’s lumbagoed [by the north or east wind]
the rest of his days”.

Salt deficiency is not at all uncommon in the tropics.

These causes may be present singly or jointly. In backaches from these causes, the
muscles feel as though they had jelled; motions are slow and painful; the affected meta-
meies are cooler than the adjacent ones; and the person tends to become limber with
iverse activity. To relieve these backaches, the Polynesians have their children walk on
eir backs; personal experience has shown this treatment to be dramatically effective.

The problems presented by these backaches are in part medical, but for the most part
my arise from the wmrking habits of the men and the conditions imposed by the types of

and the places in which they work.
B- The second clinical type of acute atraumatic backache is usually attributed to a

spiain’, arising from lifting .anything heavier than a cigarette paper. The motions pro-
uwng the backache are usually flexion and twisting. The condition is acutely painful and

''ery disabling; hence it is called acute. In reality, it is usually chronic, because it is fre-
quendy episodic. It is to this group that the present study has been especially directed,

m author first encountered this problem in 1942, 'vsdien he went to Honolulu and
ame associated with the Aledical Group, an established firm which had been caring for
ou 850 stevedores for the Castle and Cooke Terminals, Limited. The first problem
csen ed Vv^as backache in stevedores.

June 'Manual Meeting of The American Orthopaedic Association, Hot Springs, Virginia,

'OU. 29, Xo.
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When the materials are removed, it will be seen that the skin has a grilled appearance
with the depressions corresponding to the threads of the gauze (Fig. 3). This factor

rather than the adhesive properties of the lacquer, undoubtedly accounts for the greater

part of the non-slipping properties of the device. This same principle has a diversity of

applications in various fields of engineering.

When this method is used, the only caution necessary is to avoid constriction. If the

binder is applied too tightly, it will be apparent in the exposed finger tip within a few

minutes. If evidence of constriction is not apparent at that time, it is unlikely to develop.

The patient should, however, be instructed to make frequent observations during the first

day. The hand should, of course, be carried in a sling.

The only maintenance necessary is to see that the binder does not get too loose. If this

happens, a second binder can be applied dii'cctly over the first.

This method of traction has the following advantages: It does not slip even when

continued over a prolonged period; it can be applied in a few minutes; a technician can

readily apply it; and it avoids the risks inherent in skeletal traction. The only disad-

vantage is that it cannot be used for fractures distal to the proximal phalanx or in the

presence of certain concomitant finger injuries.

The author has used this method for many fractures of the metacarpals and proximal

phalanges of the fingers without experiencing any failures.

INFANTILE CORTICAL HYPEROSTOSIS

BY DOUGLAS D. DICKSON, M.D., CLARENCE A. LUCKBY, M.D., AND NOBLE 11. LOGAN, M.D.,

OAKLAND, CALIFORNIA

Infantile cortical hyperostosis is the descriptive title used by Caffey and Sihmnnan’^

in reporting four cases of a disturbance involving primarily the skeletal sj’^stem of infants.

Their cases were characterized by the sudden onset, within the first three months of life,

of tender swelling, the location depending upon the bone or bones affected. Involvement

was noted in the tibiae, femora, ribs, humeri, radii, ulnae, clavicles, mandible, and scapula;

but not all of these bones were involved in any individual case. There was a striking

absence of general systemic manifestations. An elevation of temperature was noted in two

of four cases at the onset, and was present later in a third case. Roentgenographic findings

revealed cortical thickening and lamination in many instances, with normal-appearing

spongiosa, metaphyses, epiphyseal plates, and ossification centers in the epiphyses. -Other

laboratory studies revealed no significant findings. After many weeks the swelling sub-

sided and no sequelae were noted.

CASE REPORT

S. W. was a full-term female infant, delivcvccl without difficulty or complications on July 12, 19i5.

At the age of one week, orange juice and cod-liver oil rvere included in the formula. Nutritional

ments have been met up to the present time. At the age of two months, the mother first noted swelling

over the right scapular region. Examination at that time revealed a hard mass over the region oi
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TA13L15 II

CoMi’AnisoN OK Backachi;s in Ghoui’s with and without Pmi-EMi’UOYMnNT Examinations*

No. of No. of

1

Treatmonls Day.s Lost

Mon Backaclir.s Total Average Total Average

Stevedores not oxainincd

(at least C12)

First baekaclic •12 42 276 0.6 110 2.6

Subsequent backaclic.s H) 26 SO 4.5 47 2.5

Stevedores examined
(at least 23S)

First backaelic Id M -12 3.0 28 2.0

Subsequent backaches 3 3 7 2.3 3 1.0

7S Sf) 411 5.3 188 2.4

* Figures supplied by Casllc and Cooke Terminals, Ltd.

point, it is mostly machine tvork. In the hold, every article is moved into its proper place

entirely by human strength. The machine operators, hatch tenders, and winch drivers

need clear heads; those in the hold, strong backs. It is in the latter group that careful

back examinations are required.

Cargo is classified into four main groups: (1) general, (2) special, (3) “icehouse”,

and (4) bulk cargo. General cargo is made up of objects of assorted sizes, shapes, and

weights, such as household goods. Special, or repetitive, cargo consists of objects identical

in shape and weight, such as cases of pineapples or sacks of sugar; in handling this cargo,

the motions of the stevedores are necessarily repetitious. Work on both of these types of

cargo is usually done in hot, stuffy holds. In contrast to these is “icehouse” cargo, which
is usually of the special type, but is handled at temperatures as low as 10 degrees Fahren-
heit. Finally there is bulk cargo, such as molasses, oil, grains, and ore. Bulk cargo was
not handled by the stevedores discussed here.

With these facts in mind, a scale of employability for stevedores was set up

:

Group A: Patients with good backs, who exhibited no abnormality by roentgenograms;

Group B: Patients with fair backs, who exhibited spina bifida occulta of a single

segment, slight asymmetry of the facets, limbus bodies, very early hypertrophic changes,

Well-reduced healed fractures of the centrum, and old fractures (healed or unhealed) of

the transverse processes

;

Group C: Those with poor backs, who presented marked asymmetry of the facets,

sacralized transverse processes, spina bifida involving more than one segment, hemi-
Fertebrae, spondylolysis, spondylolisthesis, thin intervertebral discs, Schmorl’s nodules,
marked hypertrophic changes, and sclerosis of the aorta.

Men in the first two groups were employed; those in Group C were considered not
employable.

These standards resulted in the rejection of 51 per cent, of the applicants. However,
the man-power shortage was so acute that it was considered necessary to employ some of
the better of the poor risks. A fourth group was therefore designated as “questionable
risks”, in which were included applicants with asymmetry of the facets, severe spina bifida
occulta, and moderate hypertrophic changes. The members of this group were then ques-
tioned by the Personnel Manager as to a history of backache. If the history was positive,
he man was rejected; if negative, he was employed. This method lowered the rejection
rate to 30.5 per cent.

RESULTS

The employer is interested in two things: a reduction of the incidence of industrial
acvache, and a reduced period of disability. 1941 and 1942 were the last two years in

29
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Fig. 4

Showing restoration of normal bone pattern in botli clavicle and scapula.

Then gradual regres.sion of the mass began. Roentgenograms taken on November 11, 1945, showed

that the bony proliferation in the riglit scapular region had subsided considerably. On April 5, 1946, the

roentgenograms showed only sliglit residual tliickening of the right scapula. Final roentgenograms on

April 26, 1946, revealed a normal bone pattern throughout the entire skeletal .'j'Stem (Fig. 4). The Kahn

and Kline tests and the Wassermann reaction were negative.

During the hospital stay, there was elevation of temperature to 100.6 degrees by rectum on one

occasion; usuall.v the temjicrature was not over 99.5 degrees by rectum. There was adequate vitamin

‘ntake previous to, and during, the hospital stay.

TABLE I

f Hr..MATOI.OGIC.\L Finding-s

Date
ANAEV.SES DIFEERK.NTIAL COUNT

R.B.C.
]

Hemoglobin I W.B.C.
1

Neutrophils Lymphocytes Alonocj’tes Eosinophils

Sept. 29
!
3.040.000 1 S.2 gram.« 17,450

1

71 21 6 2

Oct. 12 1 3.140.000 ' 7.9 grain.® 14,550 37 D/ 6

Oct. IS*
i

[

0,550.000 23.4 grams
1

1

* Following transfusion.

The etiolog>^ is obscure. Whether or not this is a response to infection, cannot be

settled easily. The biopsy docs not suggest tliat osteomyelitis is the cause; however, infants

may respond differently than adults in the presence of a hematogenous osseous inflam-

matory lesion. It has been noted frequently that osteomyelitis in the infant is benign and

produces no sequestra.

1. CArrav, J., .XXD Silverm.xn, W. A.: Infantile Cortical Hyperostoses; Preliminary Report on a New

Syndrome. Am. J. Roentgenol., 54: 1-16, 1945.

the journal of bone and JOINT SUBGEBT



I’UK-KMrLOYMKNT ICXAMl NATIONS OF THE HACK 219

TAHLK IV

Factoiis Causing Hackaciii:

Grou]) I'iXainiiK'd

Befori’ Ein)ilovniciil,

(Per Cent.)

Private Patients
(Per Cent.)

Old Employees
(Per Cent.)

Spondylolisllicsi.s 3.8 4.6 2.3

Sacralized transverse ))roecss .'i.l 8.7 3.8

Thill disc 10.2 25.7 9.9

TAliLE V

Conditions Which Might Pni;Disrosn to BAcicAciin

Groui) Examined
Before Employment

(Per Cent.)

Private Patients
(Per Cent.)

Old Employees
(Per Cent.)

Asymmetrical facets 26.6 35.0 34.3
Schmorl’s nodules 1.6 2.3

Hypertrophic changes 54.5 61.8 71.0

Neckaclie occurred in 1.4 per eent. of the patients, thoracie backache in 2.5 per cent., and
low backache in 96 per cent. Therefore, a roentgenographic study of the lower part of the

back will disclose the potential causes of backache in 96 per cent, of those examined.

2. To determine the relative significance of congenital and acquired defects in the

production of backache, each of the three groups—^the private patients, the old employees,
and the pre-employment group—may be divided into four subclasses, wdiich may then be
compared (Table III). From these figures it is apparent that (a) normal backs are fewer
in individuals complaining of backache than in an unselected group; (b) employment at
heavy labor apparently tends to eliminate individuals with certain congenital defects or
causes secondary defects to develop; and (c) acquired defects are of distinctly greater

Significance in the backache groups than are congenital anomalies.

3. In considering the congenital anomalies which tend to cause an individual to be
excluded from heavy labor, it has been assumed that the pre-employment group of 1049
nien represent a run-of-the-mill cross section of men engaged in hard labor

;
that the 560

patients with backache represent a fair sample of individuals wdth backache; and that the
131 old employees complaining of backache, w'ho were not examined before being em-
ployed, would show^ the eliminative effects of stevedoring on the incidence of back defects.
Table IV would seem to point toward three defects—spondylolisthesis, sacralized transverse
processes, and thin discs—as the defects most likely to cause disabling backaches among
poisons performing heavy labor.

4. An effort was made to determine wdiether there were any defects wdiich, if increased
in both groups with backache, wmuld tend to point toward their being predisposing factors
to backache (Table V) . Fleavy labor might either cause the greater incidence of Schmorl’s
nodules and of hypertrophic changes among the old employees, or it might cause more

TABLE VI

Frequency of Occurrence
===r

Group Examined
Before Employment

(Per Cent.)

Private Patients
(Per Cent.)

Old Employees
(Per Cent.)

Spondylolysis

t)ifida occulta
J^Mg^rtebrae

4.6

19.0

1.4

4.1

16.7

1.0

5.3

272
6.9
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From (licso facts \vc may conclude (a) that (lie incidence of backache in the sacro-iliac

or iliolumbar region is nearly twice as great in women as in men; and (b) that a different

set of criteria would be required for jirospective women employees.

7. The rarer vertebral anomalies, such as a hemivertebra or a limbus body, have

appeared so seldom that it is impossible to draw statistical conclusions. However, judging

from limited experience, the author would rate an applicant with a hemivertebra as a poor

risk, because this is an asymmetrical development which throws unusual strains on the

muscles and ligaments; and, in the older cases seen, the hypertrophic changes have been

marked. A limbus body, on the other hand, is a symmetrical development that dates back

to amphibian da,ys, where it ai^pearcd as the intciTcntrum in Seymouria. It causes no

unusual strains, and hence an applicant with a limbus body would be rated as a good risk.

A candidate having a well-reduced and healed fracture of the centrum would be rated as

fair, while one with a poorly reduced fracture would receive a poor rating.

8. When rated on the same basis as the pre-employment group, 33 per cent, of the

old employees were rated as employable and 67 per cent, as unemployable. Thus the

figures for the two groujDS arc nearly reversed. This may mean either that the work is

productive of disability or that many persons who were bad risks were employed prior to

the institution of the pre-employment roentgenographic examinations of the back. The
fact that the so-called old eniploj’’ces averaged about five years younger than the pre-

employment group would certainly suggest the latter explanation.

It would appear that the next stage of this work should be the reduction of the type
of backache associated with handling repetitive cargo. The following program should be
instituted:

(a) Stevedores should alternate the side presented to the stowed cargo every fifteen

or thirty minutes, so as to distribute the working load evenly on the two sides of the back.

(b) The stevedores working in hot holds should be supplied with adequate water,
and should be compelled to take enteric-coated salt tablets in sufficient amounts to balance
the salt loss.

(c) The stevedores should be instructed in the value of resting in dry clothing during
the noon hour.

(d) Stevedores working with “icehouse” cargo should have warm drinks or soups
available, and should protect their loins with a warm binder. As long ago as 1620, Venner
observed that “some soft woolen cloth will preserve from lumbaginous pains”.

A system that finds 30 per cent, of thirty-year-old males unfit for heavy labor is

freighted with heavy social implications. Some of the men were illiterate arid some stupid,
'It generally they were of average intelligence. Some of the physical defects were beyond

^med}'-, but some of the men could be converted from social liabilities to social assets.
ne remediable conditions could all have been recognized before the individuals left

school; an appraisal of our adolescents would give an opportunity to guide them away
rom channels for which they are physically unfit.

DISCUSSION
Ur. Philip Lewin, Chicago, Illinois: I would like to ask two questions: The first is the labor-

on aspect, because in Chicago, twenty years or more ago, a group of men (industrial surgeons and
on genoiogistg) attempted to do this, but the unions prohibited it. Second, what about bilateral
cralization of the fifth lumbar vertebra as compared to unilateral sacralization?

labo^'*
Stewart (closing) : In answer to Dr. Lewin, not only have the men cooperated, but the

^nve cooperated. This is probably due in a small wa3’^ to the manner in which the problem

the
nnd the way it was handled. When a man applies for a job as a stevedore, he is sent to

room
Group, examined by one man, and a permanent record is made. He is then sent to the x-ray

a lat

'^rree roentgenograms are taken,—one as the back lies on the table, one with the back flat, and
a view. The report is written up and sent to the emplo3nr, stating the exact condition found in

{Continued on page 236)
YOL. 2n V'ft •

’ - 0. I, JANUARY 1947





KKlN-THACnON THCHNIon: TOR TIIR TINOERS 223

Fig 3

Gulled appeaiance of the skin after lemoval of the gauze. (X 3)

would seem to offer some special advantages, if only slipping could be avoided. Slipping

is usually due to a low viscosity of the adhesive substance, and a further reduction of its

viscosity by the absorption of the secretions of the skin.

The method described here avoids these difficulties by employing a non-viscid adhesive

substance and a bonding technique wdiich depends upon precise coaptation of two irregular,

apposing surfaces. Such coaptation is produced by placing a coarse-meshed gauze in

contact with the skin, under slight pressure.

The following materials are required:

1- A lacquer wdth a cellulose base. Most fingernail lacquers are of this type, and
there are many lacquers of this kind on the market for general use.

2. A strip of crinoline gauze, having twenty to thirty threads to the inch. This is the
starched gauze used in making plaster bandages."

3. A roll of bias muslin, one-half inch wide. This can be sliced with a knife from an
ordinaiy roll of bias muslin bandage.

The procedure is as follows: The finger is given a liberal coating of lacquer. A strip
of the gauze, about one and one-half inches wide and about ten inches long, is applied to
the dorsum and the ventrum of the finger, with the loop extending about two inches
hej^ond the tip of the- finger. The gauze is bound snugly in place with a strip of half-inch
bias muslin, applied in a simple spiral fashion. The muslin binder extends from the base
of the finger to the base of the nail and back to the base of the finger (Fig. 1) . The end is

secured with a bit of adhesive tape. The muslin is kept in place with a narrow strip of
adhesive tape, applied as a wide-open spiral. The protruding gauze loop is smeared with
ocquer and rolled into a cord. To prevent pressure on the finger tip, a cork disc, cut from
0 bottle stopper, is used as a spreader. It is placed inside the loop, and held in place wdth
an encircling strip of adhesive tape. Traction can be applied immediatelj'- (Fig. 2)

.

diffi
gauze of similar mesh, having a hard texture and large threads, may be used, but it is more

satisfactoty
®°°kt’*’aders’ gauze, which is stiffened with glue instead of with starch, is also

'0*' 29, Ko. 1, J\XXJ\RT 1047
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Since many of the 150 or more types of Salmonella organisms may cause disease in
man, it is not surprising to find various types also as causative agents of osteomyelitis.
Much of the older literature on Salmonella infections is of limited value today, in so far
as type diagnosis is concerned. For example, in the light of present-day knowledge of the
antigenic structure of Salmonella organisms, the paratyphoid Erzinjan bacillus isolated
by Ssokoloff may have been Salmonella enteritidis (variety from Moscow).

In the present case, the diagnosis of the osteomyelitic lesions in the various hones was
established both by clinical and roentgenographic examinations. That the osteomyelitis
was due to an actual infection by the Salmonella organism was proved by microscopic and
bacteriological examination of the material removed at operation from the involved right

ilium. Microscopically, gram-negative bacilli were seen; the culture produced a pure

growth of Salmonella typhmurium. The biopsy specimen was obtained at a time when
the blood culture had become sterile. Consequently, the presence of these micro-organisms

was not due to contaminating blood. It seems fair to assume that the osteomyelitic lesions

in the other bones were due likewise to actual infection.

Complete recovery took place in the present case. It is impossible to appraise the

role played by the sulfonamides and penicillin in the favorable outcome.

NoTn: Tlie autlior wishes to tlmnk Erwin Neter, M.D., and G. Newton Scatchard, M.D., for the

bacteriological and rocntgenograjdiic data.

REFEREXCES

1. BoriNSTniN', S.; Sapuh.a, I.; Axn STnAUS.s, L.: Frequency of Occurrence of Salmonella Species. J.

Infect. Dis., C9; 59-154, 1941.

2. Eckeu, E. E.; Kueiix, A, 0.; and RECHorr, E. AV.: Salmonella Schottmiilleri Isolated from Sacro-

lumbar Lesion of Twont.v-Foiir Years’ Duration. J. Am. Med, Assn., 118; 1296-1297, 1942.

3. Guerha, a. R.; Peeuffo, E.; y Aleppo, P. L.: Localizaciones extraintcstinales, en el nino, de las

bacterias productoras dc enteritis infantilcs. In Estudios sobre la etiologia infecciosa de las diarreas

infantiles. Montevideo, J. Garcia Morales, 1940.

4. Leveuf, Jacques; de PruFrEL; et Philippe: Trois cas d’oslco-arthrilo a iiaratyphique B chez le

nourrisson. Bull. Soc. de Pediat. dc Pari.s, 34: 54-C2, 1936.

5. Ssokoloff, S.: Zur Klinik des chirurgischen Paratyplius Erzindjan (Paratyphus N). Bruns’ Beitr. z.

klin. Chir., 133; 321-353, 1925.

SALjMONELLA INFECTION INVOLVING THE KNEE JOINT

Report of a Case*

BY THEODORE H. VINICE, M.D., AND HAROLD F. DOWNING, M.D., CINCINNATI, OHIO

A six-months-old white infant was admitted to the Children’s Hospital, Cincinnati, on Apnl >

1945. A history was obtained that, on April 1, the child had been cross and irritable and his right knej

gradually became stiff. The child held the knee in a flexed position and refused to extend it. The»

symptoms persisted until the time of the first examination.
xi i a inc

One month jirior to the onset of symptoms, the child had diarrhoea, lasting two weeks. He hart n.

no other illne.«scs, and the family history was not contributoiy.
..nup-ii

On phv.sical examination, the child appeared well developed and well nourished. He did

to be acutely ill, although he was irritable. The skin was dry and no eruption was ^
^1 There were no p.lp.ble Jyn.p^, nodes The longs we. no.™l

clear to ticrcussion and auscultation. The heart was not enlarged ;
the rhythm n as le,, ,

sounds were of good quality. The abdomen had a convex contour. There was no tender

* Read before the Clinical Orthopaedic Society, Cincinnati, Ohio, October 1945.

^
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right scapula with invasion into llic right axilla. There was some duskiness of the skin over this area.

The first roenlgenograms (Fig. 1) were taken on Seiiteinber 18, 1945. They revealed moderate bony

overgrowth of the wing of the scapula, together with thickening of the surrounding soft tissue. Films

taken on September 28, 1945, showed an increa.sed reaction in the scapula. Some cortical thickening of

the mandible was also demonstrated at that time. Subsequent roentgenograms taken on October 8 and

October 15, 1945, showed considerable extension of the proce.ss in the scapula and also involvement of

the clavicle on the same side (Fig. 2). A biopsy was done on September 28, 1945. There was considerable

oedema of the muscles overlying the mass. Microscopic examination revealed invasion of the muscle

with inflammatory cells (Figs. 3-A and 3-B).

Fig. 3-A Fig. 3-B

Invasion of the infraspinatus muscle with inflammatorj* cells,

'on. 29, KO. 1
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UNUNITED EPIPHYSIS OF THE ISCHIUM

Report op a Case

BY HARRY WINKLER, M.D., AND IRA H. RAPP, M.D., CHARLOTTE, NORTH CAROLINA

During recent years, interest has been directed to a ratlier infrequent lesion of the
tuberosity of the iscliiuni, designated variously as “avulsion fracture of the ischial tuber-
osity”, “isolated fracture of the ischium”, “hamstring avulsion”, “epiphysitis of the

tuberosit}’’ of the ischium”. Fractures of the ischium are usually associated with mul-
tiple fractures of the pelvis, and are commonly the ivsiilt of direct violence. Hereto-
fore, fracture of the ischium, duo to indirect violence, was thought to be e.\’ceeclingly

rare. Cotton failed to report a single case, although he recognized the possibility of its

occurrence. Key and Conwell state: “Fracture of the tuberosity of the ischium is a veiy

rare injury”. Watson-.Iones records the fracture as “hamstring avulsion”. The first re-

ported case in the American literature was that of Berry’s in 1912, and since that time

other authors have reported its occurrence^

The mechanism of fracture, or, luorc properly, ej)iph3’^scal anilsion, is a violent force,

transmitted indirectly bj’’ contraction of the hamstring muscles to the secondary epiphysis

of the tuberosity of the ischium. The iscliium is ossified thi'ough two centers, one priniarj’

and one secondarjL The secondarj’' center for the tuberosity does not appear until puberty,

and is not completely united to the body until the age of twenty-five'^. It is, therefore, n

fracture of early life. The dis]ilacement of the fragment is determined b.y a resultant force,

which in turn is the product of multiple component forces; the hamstrings and adductor

magnus pulling downwaixl, outward, and forward; the quadratus femoils and gemellus

inferior pulling upward, outward, and forward; and the sacrotuberous ligament, the direct

antagonistic force, preventing a thrust downward, outward, and forward.

The history is highly suggestive of the diagnosis; the injury is usually sustained while

the person is running and when the hamstrings are in the active phase of contraction,

although in Milch’s case the patient was doing the “split” in a fanc}’- dance. There is

sudden and severe pain in the involved buttock, and walking becomes painful or impossible.

The patient subsequently improves on conservative therapj’-, although he may be subject

to minor exacerbations of pain with strenuous exercise or prolonged weight-bearing. The

course of events then maj'^ be toward complete sjuiiptomatic improvement; or the detached

epiphysis maj’’ become enlarged, necessitating operative removal. AVith the exception of

the case repoi-ted bj’’ Bcny, surgical rcmoA'-al of the lesion has not been undertaken.

This case is presented because of the persistence and progression of sjunptoins which

necessitated the removal of the fragment, and afforded an opportunity for stucR’ of the

tissue histologically.

P. S., a man, ngocl tliiilA’-ninc, staled tliaf, at, the ago of fourteen, he liad been participating la

broad jump. AVliile running and i)roparing for the Icaj), lie felt something “snap” and immediatelj' he

experienced severe pain in liis left buttock, whicli radiated along the posterior aspect of the thigh. ^

fell and had to be cari-icd from the field of play. The family physician advised bed rest, and after severa

dn3'.s of rest ho returned to school. Later he was able to participate actively in baseball, but experience

minor c.vacerbations of pain in tlic buttock and weakness of the left leg.

In January 1946, because of persistent and increasing jiain, especially when sitting, he sought

aid On clinical examination, the patient was observed to be a generally well-developed and

nourished white male. No abnormality of gait was noted, and his posture was not [emarkabJe

lengths of the legs were cciual, and the muscle power in both lower extremities was rated “O’" S

nomiai. There was no change in reflexes of the lower extremities. Local examination disclosecl

^

fi

|

smooth non-movable mass posteriorly, in the region of the loft buttock; otherwise the genei.
^

^

e.xamination was essentially negative. A roentgenogram taken at that time revealed a lai,
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OSTKOMYliiLlTIS CAHSF.D BY SALMONELLA TYPHIMURIUM

HY IIUTII F. KFAUSS, M.n., BUFFALO, XIAV YORK

Front the Children's IlospiloJ nnd the Univcrsilji oj Buj]aln School 0} Medicine, Buffalo

It is generally recognized Unit osteomyelitis in man may be caused by a variety of

micro-organisms. j\Iost commonly encountered are the Staphjdococcus and beta-hemolytic

Streptococcus, and less often the pneumococcus, influenza bacillus, typhoid bacillus, and

others. That Salmonella organisms onlj’ rarely cause an infection of bones and joints is

evidenced by the fact that, even though the first of such cases \Yas described as early as

1896, a revieiY of the literature in 1940 by the Uruguayan investigators, Guerra, Peluffo,

and Aleppo, disclosed but fifteen authentic cases. Salmonella sidpestifer [Salmonella

cliolcraesuis) was the causative agent in tiYclve of the fifteen cases reviewed by Guerra

and his associates. In the remaining three cases, Salmotiella typhimurium was the incitant

in two instances and Salmonella enteritidis in one. Other Salmonella types have been

recovered from osteomyelitic lesions,—for example, Salmonella panama} and Salmonella

schottmiillerP. A search of the literature failed to disclose a report of osteomyelitis due to

Salmonella typhimnrhim in which a large number of bones were involved. The pertinent

clinical, bacteriological, immunological, and rocntgcnographic aspects of such a case are,

therefore, presented here.

CASE REPORT

F. J., a white 603% two and one-half 3’ears old, was admitted to the Children’s Hospital on Septem-
ber 2, 1945. The famib' histoiy and the past history w'ere non-contributoiy. The present illness began
on September 1, with fever and listlessness. On admission to the Hospital, the boy’s temperature was
106.4 degrees, the pulse rate was 150, and the respiratoiy rate was 35 per minute. The patient was well
developed and well nourished, but appeared pale, listless, and acutely ill. His neck was stiff. Examination
of the chest revealed diminished resonance and tubular respiration on the left side. No other significant

changes were noted.

Clinical Course

During the first fortnight, the patient’s general condition remained serious. The temperature
fluctuated between 102 and 105 degrees during the first week, and then ranged from 99 to 105 degrees
during the following week. Roentgenographic examination of the chest showed small amounts of fluid
lu both pleural cavities. On September 15, aspiration 3delded eighty-five cubic centimeters of straw-
colored fluid from the left pleural cavity ;

this fluid proved to be sterile on culture. During the next two
ueeks the general condition of the patient improved, and the temperature reached lower levels (99 to

3 degrees). Early in October, about one month after admission, tenderness over the ribs and the
Bght scapula was noted. Roentgenographic examination disclosed for the first time widespread osteo-
myelitic lesions of almost all the ribs and of the right scapula (Fig. 1). The wings of the ilia also were
mvolved; but all other bones appeared to be normal. On October 20, new osteomyelitic lesions were
iscovered roentgenographically in the neck of the left femur and in the portion of the right ilium

u jacent to the acetabulum. Figure 2 is a reproduction of the roentgenogram of the chest, taken on
lat da3^ The patient’s general condition showed continued improvement, and the temperature became

uoimal two months after admission to the Hospital.
On November 6, roentgenographic studies showed marked improvement of the lesions of the ribs,

it scapula, wings of the ilia, and neck of the left femur. Figure 3 is a reproduction of the roentgeno-
eiam taken then, showing involvement of both ilia, the left hip, and the right acetabulum. Medial
sp acement of the right ischium and pubis indicated involvement of the cartilage. On November 21,

' len the patient was re-examined, the ribs were almost normal in appearance
; however, there was no

lan^ in the dislocation of the ischium and pubis.

one
examined again on March 21, 1946, approximately six and one-half months after the

sca*^ 1

appeared clinically well. The roentgenographic appearance of the riiis and right

avirf
• ^

a'™®
(Fig. 4) and onlv a slight residual deformity was present in the wings of the ilia

in the right acetabulum (Fig. 5).
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crescent-shaped fragment in the region of the left ischial tuberosity. On February 2 the mass was excised
by the senior author. With the patient in the lithotomy position, a longitudinal incision was made from
the superior margin of the pubis on the left, extending in a downward and parallel direction to the
inferior pubic ramus. On deeper dissection, a firm mass was encountered, which was roughly ovoid in
shape and approximately three inches in length. The line of cleavage between the normal bone of the
ischium and that of the tumor was identified, and the mass was removed by dissection in this plane.
TJiis tissue, with shavings from the line of attachment, was sent for pathological e.vamination.

The pathological report revealed an ovoid mass, measuring 7 by 4.5 by 4 centimeters. Histologically,
the tissue resembled normal osseous matter with normal marrow elements, the exterior being partially

lined by hyaline cartilage and dense tendinous connective tissue. Microscopic sections of the shavings
from the lino of attachment of the mass showed resting hyaline cartilage, with a paucity of nuclei and
with areas of transition into dense connective tissue of the tendinous type.

The patient made an uneventful rccovciy, and six months later is asjTOptomatic with no weakness
of the loft leg

;
he can now sit comfortably for anj' length of time.
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Steele F. Stewart {Contmned from page 221)

the back. Tlie man is brought in and the statement is read to him by a member of the Personnel Depart-

ment. The staff of that Department have been instructed as well as they can be that, when a serious

condition appears in the report, they should try to explain it to tlie man so tliat he will understand i -

If he cannot understand it, he has the privilege of coming to see me without cost; I will go over

roentgenograms and explain the condition to him. In other words, we have a very high degree of

relationshij) with the individuals. I think the closer we can come to personal relationships in our a

dealings, the le.ss trouble we are going to have with labor unions in this sort of thing.
enr-mliza-

Rcgarding bilateral sacralization, I do not believe this is as dangerous a risk as unilatera

tion. We must remember that, in bilateral sacralization of the transverse process,
^

a thin disc, and that a thin disc is anatomical and pl^siological.-not an abnormal disc. That DP

would not fall into the group we have mentioned.

the journal of bone and joint SUHGEBT
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Fig. 3

On November 6, tliere was involvement of both ilia, the left hip, and the right acetabulum.

Therapy

The patient was given one grain of sulfadiazine per pound of body weight (thirty grains) by mouth
each twenty-four hours during the first five days in the Hospital. This treatment was resumed on the
sm’enth hospital day, and continued for one week. The resulting blood levels ranged betiveen three and
SIX milligrams per 100 cubic centimeters. From September 17 to December 10, the dosage of sulfadiazine
was doubled (sixty grains in twenty-four hours) ;

this resulted in concentrations of the drug in the
blood ranging from seven to twelve milligrams per 100 cubic centimeters.

During the first eleven days in the Hospital, the patient was also given from 120,000 to 150,000 units
of sodium penicillin intramuscularly each day, in eight divided doses, although it was appreciated that
his drug is largely ineffective against Salmonella organisms. During the first ten critical days, the child
Was given oxj^gen. Eight blood transfusions, varying in amounts from 80 to 150 cubic centimeters, were
given during the first two W’eeks.

Laboratory Findings

Blood Cidtures: A blood culture, taken on September 2, contained gram-negative bacilli with the
Morphological, cultural, and antigenic characteristics of Salmonella typhimurium. The number of or-
ganisms per cubic centimeter of blood was too large to be determined. A blood specimen, taken on
eptember 5, was also positive for Salmonella typhimurium. On September 14, fifty-two colonies of
a monella typhimurium per cubic centimeter of blood were present. On September 19, the number of
a monella organisms was greatly reduced, since thej'- were recovered onlj^ from the broth culture and

Pot from the blood agar. Subsequent blood cultures, taken on September 25 and October 1, 1945, re-
mained sterile. These data, therefore, indicate that the patient had been suffering from Salmonella
VP wnuriuni bacteriaemia over a period of at least two and one-half weeks.

Sal
Culture: Culture of the material obtained by biopsj" from the ilium showed the presence of

rev"*T*A^^”
The histological examination of the biopsj- specimen by K. L. Terplan, M.D.,

sUt^^'
presence of verj' extensive osteitis and osteomyelitis. The bone marrow was in a fibrous- ' e in some areas; in other parts, granulomatous lesions were noted. A large number of leukocytes
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(i C .. a woman, a^od iifly-lliu*o yeai^, had chronic .''tram of the riijhl til)ial collateral liga-
incnt. with an o'^cou'- dapo'-it at tlic foinornl attafliinent of the lifiaincnt and advanced
di'pcjipiatnp p)ian^n>s of flip nipdia) as/jcct of the nphf knee join), yr-uJlwj: from thirtv-one
vcai' of fianrp i'katniK. (Ilhi'tiation ipvpi>pd.)

years of figure skating-
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were present. It i.« evident, tlicroforo, tliat, the lo.sion in tlic hone marrow was inflammaloiy in nature and

due to an infection by Sctlnwnclla lypliiiind'hnii.

Other CuUurc!^: Cultures of faeces and urine and of throat and phaiyngcal secretions failed to dis-

close the presence of f^dlmoncUa typhivnirivvi, allhouRli a speciid search for this organism wa.* undertaken

and repeated e.xaminations were made. The spinal and pleural fluids, likewise, did not harbor the

Salmonella organi.sm and proved to bo sterile on culture.

Widal Test: The antibody response of tlic patient was studied bj' means of the AVidal test. A
scrum specimen, obtained on Seiil ember S, showed no agglutinins in titers of 1 to 20 and above, against

t5^phoid, paratyphoid A. paratyiihoid IB, Protou.s, and Brucella organisms. On September 17, agglutinins

could be demonstrated; strong agglutination was obtained with a suspension of paratj'phoid B. The
titer of agglutinins of the scrum against the patient’s own strain was 1 to 400, and this was unchanged

on September 19. On October 29, the agglutinin titer had increased to 1 to 800. It is evident, therefore,

that during the cour.<^e of the illness specific antibodies were developed in a fairlj^ high titer.

Blood Examination : On September 2, 1945, the following blood findings rvere obtained:

Red blood cells 2,130,000

Hemoglobin 6 grams per 100 cubic centimeters

White blood cells 6,700

Polymorphonuclear neutrophils

Adult forms 56 per cent.

Young forms 20 per cent.

Lj’inphoeytes 22 per cent.

Monocytes 2 per cent.

During the course of the illness the anaemia slowly disappeared, and the hemoglobin reached a level of

14.5 grams by the time of discharge. The leukocyte count increased to 10,700 on September 6 and
reached a maximum of 19,950 on September 19. It became normal on October 16 and remained so until

the time of discharge.

Vnne Examination : During the entire period of hospitalization, numerous urine specimens were
negative for albumin, sugar, and cellular elements.

In summary, then, it may be stated that this child, two and one-half years old, was
suffering from septicaemia, caused by Salmonella typhimurium and complicated by
osteomyelitis of most of the ribs, the scapula, pelvic bones, and femur. Complete recovery
look place. It is noteworthy that there was no sequestration in any of tire lesions, and
that the architecture of the bones returned to normal much more rapidly and completely
than in the ordinary case of osteomyelitis caused by the Staphylococcus. Leukopenia was
present at the onset of the illness. Agglutinins developed in fairly high titer fl to 800)
against the offending organism. Salmonella organisms were not recovered from the faeces,
urine, or phaiyngeal secretions.

DISCUSSION

In human beings, Salmonella organisms may produce three different clinical S3m-
droines,—namely, (1) Salmonella feAmr, resembling typhoid fever; (2) Salmonella gastro-
enteritis, or food poisoning, and enterocolitis; and (3) Salmonella septicaemia. In Salmon-
ella septicaemia, metastatic lesions may develop in various organs of the body. According
fo the literature, hematogenous osteomyelitis and arthritis are of relatively rare occurrence,
u a review of the reports on Salmonella infections of bones and joints published up to

1940, Guerra, Peluffo, and Aleppo collected only fifteen proved cases. Several other cases
lave been described or mentioned brieflj'- in various communications, but are not included
in the review of Guerra and his associates. For example, in 1925, Ssokoloff described
suigical complications of paratjqohoid Erzinjan infections; and reported tweh'c instances
0 osteonn'elitis. Leveuf and his associates refer to seven such cases, reported in the
’rench literature between 1913 and 1928. Still other cases may have been observed but
not leported. In view of the reiieated finding that Salmonella osteom3'elitis often is a
1C atueh' mild disease that ma3

’’ improve without surgical intervention, it seems fair to
H-bUine that such cases ma3

^ have escaped diagnosis. In the future, it ma3
' be wise to

examine roentgenographically the skeletons of patients suffering from Salmonella septi-
caemia, in order to determine the true incidence of Salmonella osteonn'elitis.

'OL. 29, x-o. I, j.xXV.KnV 1947
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sport in strenuous form. As long as the stress is continued, the ossifications become pro-
giessively laigei, with the result that the attached ligaments and tendons are strained
more easily and more severely, and the strains remain longer. With discontinuance of

stress, the strains gradually disappear; but the ossifications usually remain,—ready to

cause trouble if stress is reapplied.

When these ossifications are present, a short period of skating and the use of checking

movements may cause such severe pain that the skater is unable to continue, and is often

compelled to hold the knee as if paralyzed. If the stress is avoided for several days, the

severe pain and disability tend to disappear, leaving a residual soreness and stiffness

which may persist for several months. For this condition, roentgenotherapy has been

found most effective.
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AN EFFICIENT DUAL-PURPOSE RETRACTOR

BV LIEUTENANT COLONEL PETEB-CVRUS RIZZO

Medical Cnrpa, Army of (he United States

Proper tissue retraction is essential to successful and expeditious surgery. Most re-

tractors are mechanically unsound, as a shift of position tends to disengage them.

The jirinciple of the retractor

described here lies essentially in

the 45-clcgrcc angle of the handle

and in the shaping of the liandle

end. The angulation allows trans-

mission of force and pull to the

tip, or toe, of the retractor. The

ordinary retractor transmits tlie

pull to the heel, and therebj’' pre-

disposes to slipping and loss of

effect. The handle ends are so

shaped (Fig. 1) that they can be

used for retraction or for isolation

of bone or soft tissue. The an-

Fig. 1 gle is placed approximately four

inches from the heel in the laigc

retractor and one and one-half inches from the heel in the small retractor. The smallest

size is most useful in surgery of the hand or of the small parts; the largest size las no

Vnnilations, depending upon the length of the foot, or claw end.
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There were no i)alpablc organs or masses. The right knee was licld in 90 dcgrec.s of flexion, and was

mildly tender to anterior pre.ssure over and around tlic patella. Extension of the knee produced consider-

able pain. No local heat or discoloration was present. Tlie circumference of the right knee was twenty-

four centimeters and that of the left knee was twenty-two centimeters. A definite, marked effusion was

present in the right knee joint. The skin was slightly excoriated,—probably the result of heat applied

over the joint by the iiarents; the extremities were otherwise normal. The reflexes were physiological.

No paralysis or anaesthesia could be demonstrated. The cranial nerves were intact.

Roentgenograms showed no pathological changes of the bones, but soft-tissue swelling was noted.

The laboratory findings were as follows:

April 7, 19/,

5

cd blood cells 4,300,000

Hemoglobin 11.4 grams

Idle blood cells 10,050

Pol.vmorphonuclear neutrophils 53 per cent.

Monocytes 5 per cent.

Lj'mphocj'tes 41 per cent.

Eosinophils 1 per cent.

A tuberculin test, in which 0.1 cubic centimeter of a purified protein derivative was emploj-^ed, was
negative.

April 14, 1045

White blood cells 19,050

Pol.vmorphonuclear neutrophils 61 per cent.

Lymphocj’tes 39 per cent.

Blood Kahn test Negative

Blood culture Negative

May 2, 1945

Red blood cells 4,250,000

Hemoglobin 9.7 grams

White blood cells 8,250

Pob'morphonuclear neutrophils 27 per cent.

L3'mphocytes 72 per cent.

Monocytes 1 per cent.

Urinalysis

Appearance Clear

pH 6.0

Specific gravity 1.013

Albumin and sugar 0

Microscopic appearance Normal

.

^ay 3 and 4, stool examinations were negative for Salmonella organisms. Salmonella species
t ontevideo type) grew in the fluid which had been aspirated from the knee. Blood agglutination
against the organism found in the knee fluid was complete in dilutions of 1 to 80 and 1 to 160; it was
partial in dilutions of 1 to 20, 1 to 40, 1 to 320, and 1 to 640.

Course: During the first week, the temperature remained at about 100 degrees. It rose to 104
agrees at the end of the week, remained high for three days, and fell to normal by lysis in the next

^wo weeks. The fluid in the knee. joint was aspirated on April 21, and again on April 24. About twenty-
'e cubic centimeters of amber-colored fluid was obtained on each occasion. Penicillin rvas started on

n l^^^ore the exact diagnosis was known, and given in a dosage of 10,000 units every three hours

On April 24, sulfadiazine w'as given, because the organism proved slightly sensitive to
us drug in the laboratory. The child was given thirty grains of sulfadiazine daily until May 5. The

less swollen, and the range of motion gradualb'- increased until normal motion wms restored.
^ P’’ehability, the drug therapy did not influence the ^ecoverJ^

v'd
was a non-spore-forming, gram-negative rod, identified as Salmonella species (Monte-

* eo type) by its fermentative reaction on the different carboh3"drates.

.
have been seventeen known outbreaks of Salmonella infection of the Monte-

1 eo type in the United States, but no other report has been found of knee-joint in-
volvement.
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FiC!. 2

' Electrode liol(ler> witli I lie (•!('(•( lode-^ in |)laco: a. For sciatic, jieroneal. and posterior tibial
lesion.®, b. For niedian-ncr\'c injiirie-. proximal imi.'-cic group, c. For ulnar nerve injuries, proxi-
inal imi.-cle groii]). d. For radud-nerve injuries, c. I'or ulnar-nerve injuries, distal group.
/. Tor niedian-nei ve injurie-. di-tid group.

Tliis give.® fairlj' accurate .«tiimilaticin and, when con.^istcntlj* applied, the desired effect is

obtained. This would indicate that, for jwactical purposes, the benefit arises from stimula-

tion of the muscles to a maxiniiun, whether separately or together; the stimulation of the

antagonists should be avoided.

DKsCIUPTIOX OF APPAIJATUS

The individual stimulator sliould l)e small, simple, inconspicuous, light, and wit!

sufTicient power to correspond to the stimulation previouslj' applied. Through a series ol

models, one has finally been produced which meets most of these requirements. It consists

of a small galvanic generator with a dry-cell battery (Fig. 1). Time and strength of the

stimulus are controlled by adjustable switches. Intensity of the current may be regidated

for arm or leg muscles. The cuiu’ent flow may be reversed by a polarity switch. The

machine is shaped so that it may be carried in the trousers or tunic pocket with the elec-

trodes a])plicd to the desired area. The electrodes arc of the usual construction, with two

layers of onc-quai’ter-inch white felt covering copper plates. They vary in size from five-

eighths of an inch to one and one-half inches (Fig. 3). The electrodes arc held in oblong

plates of ple.xiglass, molded to fit the e.xtrcm^ties (Fig. 2). These electrode holders ha^e

linear slots along which the .electrodes may be moved to the points of maximum response.

The holders are transparent to facilitate the accurate adjustment of the electrodes o-\ei

motor points.

ISIETIIOD OF APPLICATION

The patient may be quickly and simply instructed in the application of the stimulator.

ITp is tauEht to adjust the electrodes properlj^, and to apply them over the paralyze
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OSSIFICATIONS ASSOCIATED WITH CHRONIC STRAIN OF THE TIBIAE
COLLATERAL LIGAMENT FROM ROLLER-SKATING

BY EDMUND W. KLINEFELTEB, M.D., YORK, PENNSYLVANIA

Altliougli roller-skating is a very popular sport and injuries resulting from it are

frequent, practically nothing concerning them has appeared in the medical literature.^

Over the past thirteen years, many patients with these injuries have been referred to the

author for examination and treatment. The most frequent and most interesting injuries

have been acute and chronic strains of the tibial collateral ligament of the knee, associated

with ossifications.

Chronic strains of the upper half of the tibial collateral ligament, which often occur

among football players and skiers^, do not result from the usual skating movements, but

are produced by such movements as the “split” in figure skating. Subsequent to these

strains, ossifications may develop in this part of the ligament (Fig. 1). Similar ossifica-

tions, resulting from causes other than roller-skating, have received considerable discussion

under the heading of Pellegrini-Stieda disease^ (Fig. 2) . They have, in principle, the same
significance and require the same treatment as those in the lower half of the ligament.

Since the stress in roller-skating is applied more to the lower half of the ligament,

strains resulting in ossifications are more frequent in this portion than in the upper half.

In addition, ossifications appear also at the strained tendon attachments of the popliteus

and soleus muscles, on the medial aspect of the tibia. These ossifications frequently pro-

duce symptoms and may interfere seriously with the function of the attached ligament
and tendons. Therefore, they are important; but no report concerning them could be found.

Because of the stress from an added load and ill-adapted movements, these chronic
strains with ossifications are especially predisposed to develop in the obese woman with
a square torso, protruding abdomen, and relatively long, thick legs, as she advances beyond
the age of thirty-five years. This woman usually lacks ease and grace on the crowded rink.
In order to avoid collisions with other skaters, she is compelled to check her advance
frequently, not by the turning and gliding movements characteristic of the younger,
better-developed skater, but by throwing her wmight on the inside wheels of the externally
rotated skate as it is dragged against the floor; the same leg is practically always used for
this purpose. Tremendous stress is thereby placed on the tibial attachments of the tibial
collateral ligament, and of the popliteus and soleus muscles.

The development of the strain is gradual; the first symptoms rarely appear before at
least three years of skating. Early in the development of the strain, the skater may notice
slight pain in the knee, with perhaps a slight feeling of rubbing, and at times audible
cieaking on movement. The day after a period of skating the knee may feel somewhat
stiff, but this stiffness tends to disappear. Physical examination may disclose slight tender-
ness over the tibial attachments of the tibial collateral ligament and the popliteus and
soleus muscles, slight limitation of flexion, and pain localized to the ligament and tendon
attachments upon passive abduction of the leg at the knee. A roentgenogram may show
le swollen ligament (Fig. 3) . After several days of rest, all symptoms usually disappear.

Frequently the skater herself discovers that the checking movements cause trouble
and she avoids' them. In any case, the importance of avoiding these movements must be
nnpressed upon her. Moreover, it is well to recommend a shorter, slower skating stroke
and limitation of the total skating period to not over one hour per week. If these recom-
mendations are not observed, bony deposits, visible on the roentgenograms, often begin to
appear at the region of the tibial attachments of the tibial collateral ligament and of the
Pophteus and soleus muscles (Fig. 4)

.

These deposits represent an additional warning sign against a continuation of the
'OL. 29, KO. 1, JANUARY 1047 237
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RESULTS

1. Tlie apparatus as outlined has been used on 150 patients and has functioned

satisfactorily. A single battery will last five to seven months.

2. The apparatus is simple enough for the average patient to operate, and patients

have displayed considerable intelligence in its application. Proper placing of the electrodes,

the exact stimulus necessary, and the response that should be obtained are quickly learned.

3. The apparatus permits hourly treatment, instead of an irregular period every

second or third day.

4. Patients maj'' be discharged from the Hospital earlier, thus relieving the problem

of accommodation. Readjustment and return to gainful occupation arc facilitated.

5. The load of an overwoi-ked physiotherapy department has been lightened con-

siderably.

CONCLUSIONS

The prospect of allowing the patient to treat himself was approached with hesitation,

since carelessness, poor mentality, and lack of cooperation might spoil the whole plan.

These fears have been groundless, liccause the more active participation under supervision

has increased the patient’s interest and cooperation. The danger of placing electrical

therapeutic apparatus in the hands of the patient has been appreciated, and the unit has

been constructed so that the patient cannot jiossibly do any real harm. The e.xperiment

has shown that proper electrical stimulation of muscles can be simply applied and con-

tinued for long periods by the average patient.
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D L.. a \\onian. aged forly-eiglit years, had chronic strain of the left tibial collalcial ligament.

Roentgenogram sho\\<! the' swollen ligament, resulting from five yeais of fieqiient checking
niovement®. Osseous deposits on the medial side of the right knee lesulted fiom twenty-eight
J’eais of figme «kating.



MODIFICATION OF THE DENIS BROWNE SPLINT

BV MICriAEL BLUHM, M.D., MEMPHIS, TENNESSEE

From the Campbell Clinic, Memphis

Tlic most serious objection to tlie use of the Denis Browne splint in the treatment of
congenita] talipes equinovarus has been the difficulty of obtaining correction of the per-
sistent adduction of the fore part of the fooO. It has long been recognized that this com-
ponent of tlie deformity must be completely corrected before any attempt is made to
correct the cquinus.

Scarpa, as quoted by Adams, described a shoj't ]og brace with straps, which was used
foi maintaining position after operative correction of the club-foot deformity. Adams

modified this by dividing the foot plate

transversely, so that the mechanical

center of motion corresponded with

the mid-tarsal joint of the foot, this

being the anatomical center of motion

of the fo]'e part of the foot with adduc-

tion defonnity.

This principle has been applied

b}’- the author to van Domselaar’s

modified foot plate of the Denis

Browne splint, and it has been of

definite value in obtaining correction

of the adduction defonnity of the fore

part of the foot.

The foot plate (Fig. 1) is con-

structed in two parts,—a heel plate

and a toe plate. The toe plate rotates

freely in a trans^-erse plane on a

threaded axis pin of the heel plate.

The pin is placed so that the a.xis of

rotation corresponds to the center of

the mid-tarsal joint. The degree of

rotation is controlled b}^ a series of

holes in the toe plate and by a second

pin on the heel plate. The flange on the inner side of the toe plate is e.\-tended backward,

so that no defect will be present on the medial aspect of the foot plate which might allow

window oedema to occur. This flange is malleable, and can be curved to conform to the

shape of the medial aspect of the foot as the plate is gradually rotated externally. The

sole of the splint is lined with white felt, and the flanges are lined with sponge rubber.

Farill has recently described a similar modification, using a worm screw to control

the external rotation of the splint.

The treatment of talipes equinovarus by this modified plate is carried out in a manner

similar to that outlined by Thomson, wdth the exception that the varus of the fore part o

the foot is graduaffy corrected by the simultaneous external rotation of the toe plate, as

well as by the external rotation of the entire plate itself on the cross bar.

Non” Mr W. H. Broughton, foreman of thq brace shop at Campbell Clinic, assisted in planning,

this foot plate, and also constructed it.

JOINT St7RCE«J
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A MINIATURE GALVANIC STIMULATOR

BY .TAMES E. BATEMAN, M.B., TORONTO, ONTARIO, CANADA

Fwm the Division of Orthopaedic Surgery, Chnstie Street Hospital, Toionto

The value of electrical stimulation in nerve injuries has frequently been questioned.

However, during the recent War, such reports as those by Solandt and associates, and

Gutinann and Guttinann have appeared as strong recommendations.

From these experimental and clinical investigations, it may be concluded that definite

changes occur following electrical stimulation of denervated muscle. Histologically, it is

evident that, by minimizing atrophy, the serious damage at the motor-end plate is de-

creased. It has become apparent that diminished atrophy and all its associated benefits

may be expected only when treatment is applied early, at frequent intervals, and for a

prolonged period. Electrical stimulation will not entirely prevent damage in denervated

muscle; but, if it is instituted early and given frequently, the muscle will be preserved in

as near to the ideal condition as possible.

The application of the principle of adequate stimulation in a large group of patients

with nerve lesions has proved difficult, chiefly ‘because of limitations of staff, space, and

equipment. The accommodation alone of such patients, even in a large center, is difficult,

and attendance at the Physiotherapy Department becomes unsatisfactory. This crowding
and confusion has resulted in patients receiving a short period of treatment once every two
or three days. Irregular and infrequent stimulation cannot be expected to minimize the

damage of denervation significantly. Moreover, one is reluctant to keep a patient under
full hospital surveillance for many months, in order to give treatment lasting only a few
minutes each day. The earlier the patient can be returned to his occupation, the better.

Also, despite the merits of the case, commercial firms and employers arc reluctant to allow
a man an hour a day from his job for several months. If the patient can carry on at his
job, receiving adequate therapy without time loss, rehabilitation is accelerated. To meet
such difficulties and at the same time to increase the amount of therapy, experiments were
undertaken to produce a small pocket-
size stimulator which the patient might
wear and use himself, reporting at fre-

quent intervals for supervision.

the technique of STIMULATION

Galvanic current has proved the
most satisfactory and practical means
0 stimulating denervated muscle. Si-
nusoidal or surging current is excellent,
ut not all patients respond to such

stimulation. For maximum results
loin galvanic stimulation, small elec-
lodes should be placed on either end of
le muscle, and each electrode shifted

^
^ muscle is to be stimulated.

nle such a technique has always
een prescribed, investigation has

s lov n that it is rarely carried out carefully. Invariably, treatment consists in using a
arge indifferent electrode with a small point stimulator to pick out the individual muscles.
'OL. 29, xo. JANUARY 1047

Fig 1

The pocket-size electrical unit. The controls are all on
one panel to make possible operation with one hand.
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A REVIEW OF THE EVOLUTION OF THE ORTHOPAEDIC
BRANCH OF SURGERY IN NEW YORK CITY

BY ROYAL WHITMAN, M.D., NEW A"ORK, N. Y."'

This review of the evolution of orthopaedic surgery properly begins with its christen-
ing by Valentine jMott in 1841.

He defined it as the “combination of operative with mechanical surgery, which had
inaugurated a new and illustrious era in the healing art”. This forecast has been amply
justified; but, since the surgery of the combination was restricted to the subcutaneous
division of contracted tissues in the correction of deformitj'-, the “meridian splendor of its

development”, which he acclaimed in his own day, was deferred for many years,—until

surgery in a comprchensiim sense had become the dominant factor in its title, and the

operative reconstiiiction of disabled members its distinctive feature.

Of those directly involved in IMott’s pronouncement, Sayre, the only surgeon of the

group, has been aptly termed its forerunner, since, as the first Professor of Orthopaedic

Siirgeiy, he included fractures, dislocations, and clinical surgery in his official title.

Knight, Davis, and Taylor, the ujiholders of the established practice, had each con-

tributed a variant on the treatment of tuberculous disease of the hip and spine, then by

far the most important constituents of orthopaedic jn-aeticc. Thus they were at odds with

Sayre in principle, and with each other in practice.

This was a period when, according to Holmes, “the atmosphere was vocal with the

^opant loquacity of half-kjiowlodge”,—a cliaracterization amply illustrated by theAleers.

, ) Sayre claimed that his subperiosteal resection of a tuberculous hip joint permitted

j^iroduction of the bony structure, and thus the restoration of motion and stability in

locomotion.

Davis claimed that his method of constant elastic extension actually separated the

articulating surface of the hip joint, and thus, by permitting “motion ivithout friction”

during the period of repair, conscri-ed the function of the joint and the nutrition of the limb.

Taylor claimed that his “jointed spinal assistant” checked flexion and pressure at the

seat of disease; yet, by permitting voluntary extension of the spine, it utilized muscle

action to restrain and to reduce deformity.

Knight rejected these “adventurous” expedients of his colleagues in fai'or of surgico-

mechanics and “expectancy”, supplemented by enforced bodily activity to prevent the

“etiolation consequent upon continued repose”. He cbiinied that under this system 75 per

cent, of the “ordinary conditioned patients laboring under synovitic disease W’cre restored

to self-sustaining ability”.

It may be noted that these divergent methods were based on the mutually accepted

principle that persistence in motion of a diseased joint, voluntary or enforced, was tlw

essential preventive of ankylosis. Thus the local controversialists were united in their

opposition to Tliomas, the exponent of prolonged, uninterrupted rest as the basis of natural

repair and, therefore, of conservation of function.

In 1887 the contentious pioneers and their associates, thirty-four in number, pooled

their issues in organizing The American Orthopaedic Association. This event, fiom le

evolutionary standpoint, wms of almost' equal importance to the christening, ^

volved the question of identity. Whether its qualification as a specialt}'’ shou e

means employed in treatment, or whether, as the representative of a neiv era, it ”

free from the restrictions associated ivith its ancient name, this vital decision en a

internecine conflict that lasted throughout the century.
,

siibinittod to T/ie Journal by Dr. Whitman a few days befoie
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muscles nt the points of maxiinuin stimulation. Thc-’e points are marked for him by the

physiotherapists. If he has clitliculty in finding the proper areas, they may be marked by

small brown tattoo points.

He is taught to place the extremity in the relaxed position (Fig. 4), to adjust the

Fig 3

Engineer’s drawing, showing consti action of the electrodes and the electrode holders.

Fig 4

apparatus as applied to a hand splint m a case of ladial-nerie parab’sis Xote that the
‘ placed in the lelaxed position for treatment.
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The leader of the progressive party during this preliminary period was Virgil P.
Gibney, who was born and bred in the genial atmosphere of Kentucky. He completed his

medical course at Bellevue, where he listened to the lectures of Sayre, whom he termed
"that giant of Orthopaedic Surgery”. Yet, immediately upon his graduation in 1871, he
joined the staff of the Hospital for the Ruptured and Crippled, and remained as Knight’s
resident assistant for thirteen years.

On his dismissal, he took that opportunity "to brush up a bit” by visiting clinics in

England and Scotland. He was particularly impressed by Thomas
;
although, as a convert

to the traction method, he could hardly accept the conclusion that "it involved a fractional

degree of fixation, sufficient to mask the evil of a ridiculous malpractice”. On his return

to New York, he began a private practice, in which he was immediately successful.

He joined Shaffer in the organization of The American Orthopaedic Association and

was elected Chairman at its first session. In his representative capacity, he disclaimed

"any intention to deny to any of his fellow members a special predilection for apparatus

alone or for apparatus combined with minor operations or for operations alone”. On the

contrary, he invited all factions to unite in the establishment of a solidarity essential to

the recognition of the nascent specialty.

In the same year, upon Knight’s death, Gibney was appointed his successor and began

at once what was to be his most important contribution to consistent progress,—namely,

the transformation of a home for crippled children into a hospital, prepared in its profes-

sional and physical equipment to demonstrate the normal development of the orthopaedic

branch of surgery. For this life-long task, Gibney had unusual qualifications. His long

association with the Hospital assured the cooperation of the trustees in meeting the con-

stantly increasing expense that the changes involved. He had, furthermore, the great

advantage of building on Knight’s foundation of surgicomechanics; free, therefore, from

|the artificial restrictions of departmental clinics and the physical limitation of hospitals

for children.

Thus Knight, unwittingly, and Gibney, by intention, qualify as purveyors of evolu-

tion. In Knight’s day, the two departments of the Hospital, although served by the same

Staff, were practically distinct from one another. The majority of the indoor patients were

"laboring under synovitic disease” and as the purpose of treatment was "to restore them

to self-sustaining ability” the yearly admissions averaged less than 200. The out-patient

department was far more important, since it carried out the main purpose for which the

Hospital was incorporated,—namely, "to supply trusses, spring supports, bandages, laced

stockings, and other suitable apparatus for the relief and cure of cripples, both adults and

children, and to make these benefits available to the poorest in the community”.

Gibney’s first innovation on the established order was to improvise an operating room,

although, to quote from the history of the Hospital, "at the age of forty he had had no

experience in operative technique”. This may have been an advantage in influencing his

appointments to the Staff,—notably, that of Bull, a leading surgeon who was placed in

charge of the Hernia Department.

As a recent recruit to surgery, Gibney, free from hampering preconceptions and per-

sonal prejudice, encouraged enterprise in his assistants and provided opportunity for its

development. At this time, orthopaedic operations were, as in Mott’s day, chiefly of the

subcutaneous type and purely corrective in scope.

In 1929, when the physical development of the Hospital was fairly complete, 352J

operations were recorded. Of these, 1875 were classed as orthopaedic, and 1647 were cred-

ited to the Hernia Service. Thus, in the interval, the Hospital had become the leading

exponent of constructive surgery, both for the ruptured and the crippled, confirming a e

many years Sayre’s title of forerunner of a new era. Furthermore, under the

force of operative surgery, the Service had undergone radical reconstruction, in

constituent factors had been expanded and coordinated to represent a progressive

the journal of bone and joint surgebi
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Fig. 9

Application for sciatic and posterior tibial
groups.

Fig. 10

Stimulation of peroneal group through plaster.

Fig. 11

Application for peroneal group out of plaster.

cm lent until the desired response is obtained, and to avoid stimulating the antagonists

contmoHr''“r^r''^^’
be carried out hourly, producing ten to fifteen

and uTTf paralyzed muscles. The stimulator may be easily carried in a pocket

carried ai5f,rr^^
worn continuously, or, if the patient prefers, the electrodes may be

-oal-t
The electrodes are removed at night and allowed to

^vit^L^ir^oi:: day and
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News Notes
The deadline for receipt of applications for Part I of the examinations of The American Board of

Orthopaedic Surgery has been established as February 1, 1947.

Correspondence and applications should be forwarded to Dr. Francis M. McKeever Secretan^
1136 West 6th Street, Los Angeles 14, California.

’ ’

The National Society for Crippled Children and Adults, Inc., will hold its usual sale of Easfer
Seals. The purchase of these seals will help this important work. They nia.y be obtained in quantities
fj'om The National Sociel.y for Crippled Childien and .Vdults-. Ine.. 11 South La Salle Street. Chicao-o S.

Illinois.

Announcement has been made of the formation of the Sociedad Peruana de Ortopedia y Trauma-
tologfa, with headquarters in Lima, Peru. The purpose of the societj' is to encourage the study of the

affections and traumata of the locomotor apparatus in all their a.-'jiecls,—clinical, biological, surgical, and
social. The President of the society for the current j^ear is Dr. 0.«car Guzmsin, of Lima.

On October 12, 1946, the New Jersey Orthopaedic Society was organized at a meeting in Long
Branch, New Jersey, with nineteen founder members, each of whom is a Diplomate of the American

Board of Orthopaedic Surgery.

The following were elected to office:

President: Leopold Szerlip, MJD., Newark
Vice-President: Harold W. Smith, M.D., Orange

Secretaiy-Treasurer: Raphael R. Goklenberg. M.D., Paterson.

The National Foundation for Infantile Paralysis, Inc,, announces the publication of a series of

muscle charts. Under the direction of the committee on the treatment and after-effects of poliomyelitis.

I charts haye been prejoared gi^’ing a standard type of record of muscle strengths. These can be used

adyantageouslj' in the care of polioni.^’elitic patients b.y the physical-therapj'' departments of hospitals and

clinics. Thej' are ayailable, free of charge and in quantities, and may be obtained from The National

Foundation for Infantile Paralysis, Inc., 120 Broadway, New York 5, N. Y.

INTERNATIONAL SOCIETY OF ORTHOPAEDIC SURGERY AND TRAUMATOLOGY

The meeting of the Socicle Internationale dc Chirurgic Orthopcdiqiio ct de Traumatologie was held

in Brussels, October 2, 3, 4, and 5, 1946, under the presidency of Dr. L. Ombredanne, of Paris. An interest-

ing program was presented, with speakers from many different countries. Officers for the coming J^ear

were elected, as follows

:

President: L. Ombredanne
Vice-Presidents: R. San Ricart and Hany Platt

Secretaiy-General ; J. Delchef

Treasurer: C. Parisel.

Dr. Henry W. Meyerding, of Rochester, Minnesota, who attended the meeting as the delegate from

the United States, was elected President of the next Congress, which will be held in Amsterdam, Holland,

in the fall of 1948. ,

While Dr. Me3mrding was abroad, he gave lectures at the Universities of Leiden, Amsterdam, anc

Edinburgh. He addressed the Society for Furtherance of Physics, Medicine and Surgeiy, in Amsterdam

and the Societe Fran^aise d'Orthopedie, in Paris. He also attended the 49th Congres Frangaise
_

e

Chirurgie, where he was elected to honorarj’- membership in the Academic de Chirurgie Frangaise w nc i

held its hundredth anniversary meeting in 1946.

THE BRITISH ORTHOPAEDIC ASSOCIATION

The Annual Meeting of The British Orlhopaedic Association was held in London. October 18 and

^Mr' George Perkins, President of the Association, opened the meeting with a
.

tures of the Os Calcis’'. Mr. Norman W. Roberts and Mr. W. Saylo Creer had each

of cases .oi'er several years and had independently reached similar conclusions concerning
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AK IMPROVED RETRACTOR FOR iNTERVERTEBRAL-DISC SURGERY

BV ailCIIAKL SKOVBON, M.D., ERIE, PENNSYLVANIA

Most surgeons who do intervcrtcbral-disc surgery will agree that an adequate exposure

is very important for the removal of a protruded intervertebral disc. This is accomplished

by retracting the dura mater or the nerve root in the involved space. The author has used

several types of retractors, but the one which proved most satisfactory is described

herewith.

The retractor was made from a Simpson uterine sound, the rounded tip end of which

was flattened thin (Fig. 1). The handle of the retractor is long and flat, thus preventing

rotation. The shaft is made of soft metal which allows it to be bent in any shape for

Fig 1

A view of one retiactor vith a flattened tip after foui yeais’ use The othei two have not
yet had their tips flattened, but show hoiv the letiactor may be bent,—coniev beloiv, and
bayonet-type bend above.

retraction in different types of backs. The bayonet-type bend has been found to be most
suitable.

The assistant holds the retractor in his left hand and a sucker in his right, using both
sucker tip and retractor tip as blunt dissectors and retractors until the disc is e.xposed.

Exposure is easily maintained with one hand, while the operator removes the protruded
disc material. The assistant in no way interferes with the operator, because of the long
shaft and handle of the retractor.
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256 NEWS NOTES

Program will be presented under the chairmanship of Dr. Charles N. Pease. At seven o’clock Saturday
evening the Instructional Course Dinner mil be given, at which President Thomson will read a paper
on “Orthopaedic Surgery behind the Iron Curtain”. Sir Reginald Watson-Jones will present a paper on
“Personal Experiences as Consultant for the Royal Army Air Force".

The Audio-Visual Education Program will continue on Sunday morning from nine o’clock until noon.
The Instructional Courses begin at two o’clock Sunday afternoon and run until noon on Monday. The
following Courses will be offered:

Course I. Bone Tumors
Introduction Dr. Henry W. Meyerding
The Pathologic Aspects Dr. D. B. Phemister, Dr. Mary Sherman
X-Ra}’’ Diagnosis Dr. Edward L. Jenkinson
Clinical Diagnosis and Operative Treatment Dr. Henry W. Meyerding

Course II. Wrist j4nd Hand
Wrist and Hand Dr. Sterling Bunnell

Course III. Physiology of Bone

Nutrition, Mineral Metabolism, and Vitamins in Relation

to Bone Dr. F. C. McLean
The Endocrines and Bone Dr. Edward C. Reifenstein, Jr.

Calcification and Decalcification of Bone Dr. W. D. Armstrong

Course IV. Poliomi'eutis

Diagnosis and Early Care of Poliomj’elitis Dr. James L. Wilson
Conservative Treatment of Poliom3mlitis Dr. Edward L. Compere
Operative Treatment of Poliomyelitis Dr. William T. Green

Course V. Neck Lesions

natomj' and Ph3’’sioIogj’' of tiie Neck
lifferential Diagnosis

ijuries of the Cervical Spine

Ion-Traumatic Lesions of the Neck

Dr. K. B. Corbin

Dr. Ralph K. Ghormle3’^

Dr. Arthur Davis

Dr. Carl Badgley

Course VI. Low-Back Lesions

natomical Considerations

;oentgenograph3''

ow-Back Syndrome
perative Treatment

Dr. Halford Hallock

Dr. Albert Ferguson

Dr. Paul Williams

Dr. Halford Hallock

Course VII. Congenital Disloc.wion of the Hip

ongenital Dislocation of the Hip

lai'b'^ Management of Congenital Dislocation of the Hip,

from Infancy to 8 Years of Age
Management of Congenital Dislocation of the Hip in

Older Children

Dr. Joseph Freiberg

Dr. H. R. McCarroll

Dr. Brace Gill

Course VIII. The Elbow Joint

Orthopaedic Anatom3’^ Dr. Harold Boyd

Differential Diagnosis and Treatment of Elbow Lesions Dr. T. L. Waring

Traumatic Lesions About the Elbow Sir Reginald Watson-Jones

Course IX. The Shoulder

Orthopaedic Anatom}' of the Shoulder Dr. John Fahej'

Differential Diagnosis and Treatment of Common Lesions

of the Shoulder Dr. David M. Bosworth

Course X. Cerebral Palsy

Conservative Treatment of Cerebral Palsy

Operative Treatment of Cerebral Pals}'

Dr. W. M. Phelps

Dr. Fremont A. Chandler

Course XI. Orthopaedic Anatomy of the Thigh

Orthopaedic Anatomy of the Thigh Dr. J. E. Milgram

Course XII. Treatment of Congenital Club Feet

Treatment of Congenital Club Feet Dr. Hiram ICite
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MODIFICATION OF CAST SPREADER

by FRED A. POLESKY, M.D., LOS ANGELES, CALIFORNIA

Frovi the Department of Orthopaedic Surgery, College of

Medical Evangelists and Cedars oj Lebanon Hospital, Los Angeles

The cast spreader designed by the author is a modification of some of the cast spread-

ers which hai'^e been in use for many years. One advantage is that the spread of the cast

is four and three-eighth inches (Fig. 1-A), which is a greater spread than can be obtained

with most instruments now in use. In addition, the handles are so designed that, when the

Fig. 1-A Fig. 1-B Fig. 1-C

cast is spread to the maximum, the handles do not come together. This means that the
hands of the operator are not bruised at any time.

Another advantage is the length of the spreader, which is fourteen and three-quarters
inches. This allows for a greater leverage, and consequently less effort is used in spreading
a cast. The serrations on the outer side of the blade are necessary to prevent slipping of

- the instrument from the cast crevice after the cast has been split.

The cast spreader is made of light metal, and has been found verj’’ useful,
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Fig. 1

Pholomicrogia])h (X 100) sliowing hj'pcrirophied and liomosiderin-ladcn sj’novial tissues. This

soldier, twenty-four years old, iiad complained of locking, swelling, and pain in the knee joint.

No neoplastic changes were observed, but muncrous separate and intercommunicating spaces,

lined by sjmovinl cells, were present. Diagnosis: chronic villous synovitis. (A.I.P. Acc. No. 821S7.)

L
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The outstanding partisan of "mcchanico-tiicrapy” as the distinctive feature of the

specialty was Newton M. Shaffer, who was a direct and consistent product of his early

environment. He had served as a student assistant of Knight’s in his primitive hospital

;

and, soon after his graduation in medicine, he had joined Taylor at the Orthopaedic

Dispensary.

Knight’s system of surgicomechanics included every disability amenable to relief by

bandaging and bracing.

Taylor’s range was bj’’ comparison far more limited. In later life, he stated that he

had never written a prescription nor attempted a surgical operation, and that his formal

medical education was completed in a single year. His original interest was in physical

culture. For a time he conducted a gjminasium and devised many machines for automatic

exercise. An unfortunate experience in the treatment of Pott’s disease led to the invention

of the “spinal assistant”. Its conception was so novel and startling that, as he told it: “I

jumped as if I had received a physical blow, and ran all the way home”. By this inspired

illumination, as it seemed to him, he became a convert to “mechanico-therapy” and

eventually its leading exponent.

Shaffer, his disciple and successor at the New York Orthopaedic Hospital, claimed

that its range had never been properly exploited, and that a rich reward awaited those

who like himself were content to pursue these “underground but productive investigations”.

From this standpoint, the combination with operative surgery was impracticable, because

one with this radical and superficially effective means at his command wmuld be deflected

from the prolonged, difficult, but far more adequate treatment by mechanico-therapy.

Shaffer was an energetic propagandist and, as such, he was particularly concerned

with the recognition of the specialty, of which he w'as the sponsor, as on a par with those

already established. He was a leader in the organization of The American Orthopaedic

Association and in securing its admission to The Congress of American Physicians and
Surgeons in 1888. On this occasion, he was its President and was elected as its delegate to

the Council of the Congress. He was also chiefly responsible for the allotment of a special

section to Orthopaedic Surgery at the International Congress held at Vienna in 1890.

At this Congress he presented his definition of the scope of the specialty which he
represented,—namely, that it should be restricted to the class of cases for which especially

designed mechanical appliances were required in treatment. Within these limits, operative

intervention might be utilized in a subsidiary capacity, a concession of which he did not
avail himself, and for which the Hospital under his control made no provision,—"For in

true Orthopaedic Surgery, operative work per se has no real status”.

Shaffer, as a Professor of Orthopaedic Surgery in a leading medical school and as

surgeon-in-charge of the New York Orthopaedic Hospital, spoke as one in authorit}'. As
such, he exercised an arbitrary control of his assistants, permitting no divergence from his
teaching and practice. Knight, under w'hom he had sez'ved his apprenticeship, had dis-
missed an able assistant of long standing, because in a publication on hip disease he had
endorsed the traction treatment, “which weakened the vital resistance of the limb”.

Shaffer, on the contrary, claimed that this method had “revolutionized the treatment
of bone and joint disease”. He was constrained, therefore, to contrive the dismissal of a
former associate from his post at St. Luke’s Hospital, because in a ward established by
Taylor he had applied Thomas braces in the treatment of hip disease. This arbitrary
extension of his authority brought to light the latent opposition to his personality and
propaganda and, at the next meeting of The Association, he was displaced as its delegate
to the Council of the Congress.

This episode has been considered at length, because the formal rejection of the limita-
tions^of scope and method, which Shaffer would have imposed, cleared the gi-ound for a

f sustained advance, on which its establishment as a restricted specialty served only a« a
''aj' station.
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Photomiciogiaph (X55). Reproduction of an area in a firm, but partially c3’’Stic, tumor
mas.s, oiiginatinp in tlic articular capsule. The sectioned surface was brownisli-3’ellow in color.

(A.I.P. Acc. x\o. 96008.)

jm
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Photomicrogiaph (X 425) of lesion illiistiated in Pig. 5. The similarity of this giant-cel

tumor to the lesion illiTstrated in Figs. 2. 3, and 4 is readily apparent.
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of surgery. As such, the obsolescent, but indispensable, term “orthopaedic” designates its

sphere of action,—namely, that of anatomical mechanics, of the correction of impairment

of bodily structure and function from any cause, and of prevention as well as relief and cure.

Although it may be assumed that this conclusion, based on personal experience, is now
generally accepted, a first-hand account of the background and the successive phases of

this transformation, as epitomized in a hospital service, may be of interest to the present

generation of orthopaedic surgeons.
“

’Tis fifty years since” when, as President of The American Orthopaedic Association,

I presented conclusions on its scope and standing, which time has confirmed. Thus, as a

participant, I have had an unusual opportunity to observe the formative stage of its

development, with which this paper is especially concerned. Since the narrative is based

upon personal experience, the field of action has been correspondingly restricted.

ENRIQUE H. LAGOMARSINO
1900-1946

News of the death of Enrique H. Lagomarsino on July 27, 1946, has recently been received. Dr.
Lagomarsino was born in Buenos Aires, February 24, 1900. He received his medical degree in 1926, at
the School of Medicine of the University of Buenos Aires, and then travelled and studied in Europe for
several years. As part of his postgraduate work, he was an Assistant at the Istituto Rizzoli, in 1932.

Upon his return to Argentina, he became instructor and later Professor of Topographic Anatomy at
the Facultad de Ciencias Medicos de Buenos Aires. He was also Professor of Orthopaedic and Traumatic
Surgery of the School of Medicine of The University of La Plata, and was Chief of the Orthopaedic and
Traumatologic Service at the Central Military Hospital.

Dr. Lagomarsino was a member of a number of societies, including The American Academy of
Orthopaedic Surgeons, the Sociedad Argentina de Cirugia Ortopedica, the Sociedad Brasileira de Ortho-
^dia e Traumatologia, and the Societe Internationale de Chirurgie Orthopedique et de Traumatologie.
He also held memberships in other surgical societies, in Bolivia, Chile, Paraguay, and Peru.

Among his several books, the best known are “Tratamiento de las Fracturas del Cuello del Femur”,
"iitten in collaboration with Dr. Jose Vails, and “Fracturas de la Columna vertebral”. He made many
contributions to Revista de Ortopedia y Traumatologia and other surgical journals.

In a short span of forty-six years. Dr. Lagomarsino accomplished much in his chosen profession that
"ill serve as a lasting memorial to him. He will be missed by his man3

'- friends and associates.
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Fio. II

Tlie pronounced variation in structure and cytological characteristics of tlie benign neoplasms
or tumor-like lesions of S}movial tissues is further illustrated. Fig. 10 (X 50) illustrates the

capacity of certain cells to form tissue clefts, while in Fig. 11 the storage of lipoid is clearly

shown. The specimen from which these reproductions were made was removed from near the

ankle joint of a twentj'-one-5'ear-old soldier, who had sustained a crushing injur3’^ of the part

several years previousl3^ The tumor was encapsulated, spongy in texture, and yellowish-brown

in color. Such lesions are frequently referred to as xanthofibromata. However, one can readily

demonstrate a close relationship between this example and those illustrated in the previous

figures, (A.I.P. Acc. No. S2227.)
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iVacturcs iin’olving Ihc subaslragaloid (subtalar) joint,—namely, that an incapacity period of about a

year in cases Irealed by reduction and iininobiliznlion was approximately halved in cases treated by early

movement. More tlian three-quarters of the patients returned ultimately to full work in their old

occupations, and the proportion was not materiallj' influenced by the method of treatment adopted.

Mr. AV. Gissane, nevertlieless, considered reduction important, and showed a film illustrating its per-

formance and maintenance witli a sagittal os calcis pin. Mr. K. H. Pridie demonstrated some patients,

including a policeman, who showed cxtremel3’^ good function following excision of the os calcis, an

operation to be reserved for tiie most scr’erelj’' affected.

In his iH'esidential address on Rest versus Activity in the Treatment of a Fracture, Mr. Perkins

confined his remarks to fractures not directly involving joints. In stressing the importance of activity in

preserving tlie extensibility of muscle, and, therefore, preventing stiffness, he pointed out that, if both

fragments of a fracture bore muscles, thej' would afford immobilization, and the sole function of the

limited splinting necessaiy was the jjrcserr'ation of alignment. In other cases (as in fractures of the

femoral neck, the medial malleolus, and the scaphoid), splinting was necessary, not merely for alignment

but also for immobilization. Such splinting must be prolonged, uninterrupted, rigid, and extensive;

consequently, it impaired function, so that internal fixation was often preferable.

Professor E. Sorrel, of Paris, presented a paper on “Les greffes d’inimobilisation dans le traitement

dcs tuberculoses osteo-ariicidaires”, in which the results of some usual and unusual extra-articular

arthrodeses were illustrated. He strongR’ advocated arthrodesis as a final stage of treatment, to be

deferred until active disease was at an end.

Professor H. J. Seddon showed a motion picture of preliminary work, carried out with Dr. A. E.

Barclay, in the cineradiographj' of joint movements.
Mr. K. I. Nissen gave a comprehensive and up-to-date account of Morton’s metatarsalgia, with a

clinical and pathological description of thirteen cases, followed up for three years or more, in which he
had excised the fibromatous thickening (first described by L. 0. Betts of Adelaide).

Mr. I. Lawson Dick discussed the later results of iliac-bone transplantation, which were confirmatory
of expectations.

Mr. L. Gillis showed a film of his operation for nearthrosis of the humeral shaft in amputations
near the elbow joint, which has been described in the British Medical Journal.

At a clinical meeting at St. Thomas’s Hospital, Dr. J. H. Cyriax presented some observations on
dural pain in lumbago and sciatica. Cases were shown of open correction of congenital club-foot (Mr. G.
Peikins); osteos3mthesis b3^ ICiintscher nail (Mr. R. H. Young) and b3^ other methods of internal
fixation (Mr. F. A. Simmonds)

;
tendon transplantation for irrecoverable radial (musculospiral) paralysis

(Mr. F. C. Durbin)
; tendon suture (Mr. R. Furlong) ; and the results of fractures of the tibial plateau

(^Ir. M. G. Allen) and of ciaish fractures of the spine (Mr. J. F. Bourdillon).

The Annual Dinner of the Association was honored by the presence of the Prime Minister, the
hlinister of Health, and the Minister of National Insurance as guests and speakers.

At the General Meeting, Mr. S. A. S. Malkin was elected President for 1948-1949. Professor E.
Sorrel, of Paris, was elected an Honorary Fellow; Professor F. E. Godoy-Moreira, of Sao Paulo, Kamel
Bey Hussein, of Cairo, and Dr. Sven Kiaer, of Copenhagen, were made Corresponding Members. Mr.
F. G. Allan and Mr. E. A. Nicoll were elected to the Executive Committee.

The following new members were elected:

G. P. Arden, F.R.C.S., Gerrards Cross, Buckinghamshire

Hiren De, F.R.C.S.E., Worcester

H. W. Fitzgerald, F.R.C.S.E., F.R.A.C.S., Dunedin, New Zealand

W. H. Gervis, F.R.C.S., Tunbridge Wells, Kent
Major A. P. Grade, R.A.M.C., Newton Abbot, Devonshire
K. F. Hulbert. F.R.C.S.. London, N 20

A. J. Innes, P.R.C.S., Glasgow, Scotland

T. B. McMurray, F.R.C.S.E., Liverpool

bliss M. G. Murphy, F.R.C.S.E., Harold Wood, Essex
Dr. B. McCall Smith, O.B.E., Glasgow, Scotland

F. G. Ward, F.R.C.S., London, E.C. 1.

THE AMERICAN ACADEMY OF ORTHOPAEDIC SURGEONS

1

Fourteenth Annual Convention of The American Academy of Orthopaedic Surgeon® will be

Dn J^'e M Th?ml
25, 20, 27, 2S, 29, and 30, 1947, under the presidency of

at nine o’clock, Saturday morning. Januar3’ 25. Scientific and Technicalt will be ready for inspection at that time. During the afternoon the Audio-Aff^ual Education
'OL. 29, ^•o. WXu.UiY 1047



266
G. A,• BENNETT



NEWS NOTES 257

Couusn XIII. X-Eav Diaonosis op the Extremities and Spine

X-Roy Diagnosis of Uic Exivcniilics Dr. Albert B. Ferguson

X-Ray Diagnosis of the Spine Dr. Albert B, Ferguson

On Mondaj' afternoon, Tuesday, Wednesday, and Thursday morning, the Scientific Program will be

given, and Academy luncheons will be held at one o’clock on each of these days.

There will be Executive Sessions at noon on Tuesday and at noon on Thursday for members only.

The following program has been selected by the Program Committee under the chairmanship of

Dr. Harold B. Boyd

:

Aflcrnoou Session

Mondav, January 27

Treatment of Ununited Fractures by Onlay Grafts Without Screw or Tie Fixation.

Dallas B. Phemister, M.D.

Bone Grafts, an End-Result Study of the Healing Time.

W. A. Bishop, Jr., M.D.
Richard C. Stauffer, MX).
Capt. Alvin L. Swenson, M.C.

A Method Combining a Bone Graft and Metal Plate in Non-Union of Long Bones.

G. Mosser Taylor, M.D.

Some Unusual Clinical and Pathological Aspects of Trauma.
C. Fred Ferciot, M.D.
Frank H. Tanner, M.D.

Preliminarj’' Report from the Committee on Artificial Limbs.

Rufus H. Alldredge, M.D.

Morning Session

Tuesday, January 28

Slipping Epiphysis in the Adolescent Hip.
Paul H. Martin, M.D.

Malunited Displaced Upper Femoral Epiphysis. End-Result Study of Sixty-Five Cases Treated by
Osteotomy of Surgical Neck with Internal Fixation.

Carl E. Badgley, MD.
John Wolgamot, M.D.
James Miller, M.D,

Treatment of Congenital Dislocation of the Hip.
Professor Mudr. Bedfich Frejka, Brno, Czechoslovakia

Intertrochanteric Fractures of the Femur; A Survey of Treatment by Traction and Internal Fixation.
Mather Cleveland, M.D.
David M. Bosworth, M.D.
Frederick R. Thompson, M.D. •

Principles of Treatment of Multiple Limb Injuries.
Sir Reginald Watson-Jones, London, England

Ajtcrnoon Session

Results of Recent Studies and Experiments Concerning Internal Fixation of Fractures with Metals.
Charles S. Venable, M.D.
Walter D. Stuck, M.D.

The Iliac Apophysis; An Invaluable Sign in the Management of Scoliosis.
Joseph C. Risser, M.D.

Antciior Tibial Tendon Transposition in Recurrent Congenital Club-Foot.
George J. Garceau, MD.
Iv. R. Manning, MD.

Arthroplasty of the Hip for Congenital Dislocation in Children.
Paul C. Colonna, MD.

Coxa Plana.

B. Howorth, MD.
'01.. 29, Ko. 1, JANUARY 1947
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or in military liospitals. The thigh (fivo cases) and tlic region of the knee (eight cases)

;crc the sites where tiie tumors most commonly occurred. Most of the tumors seemed to

rise in cither the iioplitcal space or in Hunter’s canal. Four tumors arose from the soft

Fig. 3

Photomicrograph (X 425) of a cj^stic portion of the lesion illustrated in Fig. 2.

a. AVI* A.

The cellularity of one of the solid portions of the s>’novial-membrane lesion shown in Fig^. 2
and 3 is illusUated in this photomicrograph (X 425). (A.I.P. Acc. Xo. 90791.) Other areas in this
specimen contained giant cells and lipoid-laden phagocj’tcs, similar to those illustrated in Fig^.

“

through 13,

'OL. 29, KO. 2. APRIL 1047
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fibious connective-tissue elements would form the most conspicuous component of th(
neoplasm. In other new growths, tufting or villous patterns of growth would prevail. Ii
still other examples, the capacity of the neoplastic cells to line spaces, with or withoui
evidencing their secretory propensity, would determine the character of the lesion.

The widespread distribution of synovial tissues in the body and their possible develop-
ment from other jnesenchymal tissues, u-hen appropriately stimulated, undoubtedly ex-
plains the occurrence of synovial-membrane tumors in the areas which are well removed
from the articulations themselves.

TUMOR-LlKE HYPERPLASIAS ANB BENIGN NEOPLASMS

The need for establishing, if possible, critw-ia bj'- which benign lesions arising from
synovial tissues may be differentiated sharply from those that are likely to recur and

metastasize, has become increasingly apparent in reviewing this series of cases.

Benign lesions, similar to those illustrated in Figures 1 through 11, but embracing the

widest range of variations, constituted a large block of pathological material in the various

laboratories of the military hospitals. This striking incidence may have resulted in part

from the rigorous physical demands that were placed upon the military personnel. At-

tention was no doubt directed to man5
'^ sjunptomless lesions by these increased plij’^sical

demands. It is well known, howeimr, that such lesions are common among the civilian

population. The history of pain (Case 3) or swelling (Cases 4, 5, 8, 9, 12, 16, 22, and 32)

for many months to several years prior to the onset of a rapidlj'' growing neoplasm suggests

that, in some instances, malignant tumors of S3’-noviaI tissues ma}^ be preceded by benign

tumors or perhaps even by non-neoplastic reactive prolifbrations. DeSanto and Wilson

found no instance in which a "benign giant-cell xanthoma” had undergone malignant

transformation. On the other hand, Jaffe, Lichtenstein, and Sutro caution against the

possible recurrence of the lesion they designate as "villonodular sjmovitis” unless it is

completely excised. The}’- point out that the recurrent lesion is likely to be so2newhat more

"florid” than the original one.

Numerous^ blocks of tissue may be required for the proper microscopic interpretation

of any given lesion of the synovial tissues. This is well shown in the material from Case 5

(Figs. 19 through 24) and in Case 29 (Figs. 49 through 54), In these and other instances,

some blocks of tissue showed only fibrous connective tissue, containing fat deposits, cal-

careous incrustations, and villous overgi-owths of synovium (Figs. 20, 21, 22, and 49),

whereas other sample blocks revealed highly cellular neoplastic growths which, in each

instance, had metastasized to other organs.

It seems probable that a follow-up study of all cases from which synovial-membrane

lesions, now classified as benign or non-ncoplastic, have been removed, will be highly

informative in the future interpretation and management of such conditions.

MALIGNANT TUMORS DERIVED FROM SYNOVIAL TISSUES

In 1927, Smith reviewed the literature pertaining to malignant tumors derived from

synovial tissues and suggested the terra "synovioma” to designate a lesion of a particular

type which he had observed in three patients. Following this report, increasing numbers

of tumors of the type described by Smith have been recognized, and numerous senes o

cases have been recorded.
. , , , • +Iip

One report" deals with nine cases registered with the Army Medical Museum m

decade prior to the second World War. Certain other authors"."." have “Sf
”>1"“ " ®

own and the previously reported cases in tabular form for analj'sis. h oie i ’

Hangonsen and Stout reviewed the cases in the literature and found ninety-flue
,

Airies ol synovial sarcoma which, with nine additional ones from tbe.r o™

tomed a toW of 104 oases for analysis. Only three of these pat.ents were ahve and free

of metastascs five years ate treatment had been instituted.
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Fig. 7

A low-power (X 55) photomicrograph of a representati^•e area in a slowly growing tumor
nodule, removed from the tissues adjacent to the terminal phalanx of the left great toe. The
tendon-sheath origin of this neoplasm is clearly evident. (A.I.P. Acc. No. 83213.)

Fig. S Fig. 9

Contrasting areas from the tumor illustrated in Fig. 7, showing giant-cell componcnt.s and
moderately cellular fibrous areas (X 400). The similarity of this neojilasm to the lesion illustratedm Figs. 2, 3, and -1 is readily apparent. Diagnosis: benign giant-cell tumor of tendon-sheath origin.

von. 29, NO. 2. .rpRiL i:n7
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Fig. 22

Aroa.s of dogoncration, fat deposition, and calcification are illustrated in this photomicrograph

(X55). Such rogrcs.sive changes are frequently ob.servcd in sarcomatous tumors derived from

synovial tissues. Figs. 21 and 22 arc from the lumor .shown in Fig. 19.
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to the fhct that the neoplasm gi'ows expansively from a focal point, the adjacent tissue
become cbmpressed and attenuated to form a pseudocapsule. The appearance of encap-
sulation is frequently striking, and the surgeon may conclude erroneously that local

excision by blunt dissection will effectively eradicate the lesion. In the process of removal
it is frequently noted that the new growth is more firmly attached to a tendon, tendon
sheath, or other adjacent tissues at one or several points. Such areas of anchorage may
represent either the point of origin of the tumor or an area of invasion. Differing textures

and elastic qualities of the adjacent tissues lead to nodular irregularities in the outline of

tlie neoplasms. Most tumors are seen to be of various densities and colors in cross section.

Some are firm in texture and moderately fibrous, but more frequently they are soft,

spongjq and friable.

Pinkish-gra}’’ areas of viable tumor tissue are frequently interspersed with yellow

areas, caused by necrosis, and brown or red portions which have resulted from old or recent

hemorrhage. Occasionally calcification in the form of finely divided gritty particles will

be noted, or less frequently large plaques of mineral incrustations in one or several portions

of the neoplasm.

It is worthy of note that these tumors seldom form within the cavities of the joints;

instead they lie in close proximity to tendons, tendon sheaths, and the exterior wmlls of the

bursal pouches or joint capsules. Those that occur in the middle or upper third of the

thigh or arm may show no connection rvith any structure having a recognizable lining of

synovial membrane, and for this reason the true nature of the tumor may not be suspected

^
until after the microscopic sections have been examined.

/

Microscopic Appearance

In order to interpret properlj'’ tlie varied microscopic patterns that may be encountered

in tumors deri^^d from s5’’noviaI tissues, it is necessary to recall that articular ca'sdties are

formed from the primitive mesenchymal tissues destined to become the skeleton. Thus

the symovial-lining components of the articular spaces not only arise from the same con-

nective tissues from which the other skeletal parts originate, but they merge imperceptibly

into the fibrocartilaginous and hymline-cartilaginous structures, on the one hand, and the

dense fibrous capsular tissues of the articular walls, on the other. It must also be remem-

bered that following synovectoiu}'-, a new^ synovial-lining membrane wall be formed, fre-

quently indistinguishable from the earlier one. It appears probable, therefore, that the

special structural and functional characters of the synovial-lining cells are the result of

two main factors: (a) the inherent propensities of the cells to line surfaces and produce

mucin, and (b) the environmental circumstances governed to a large extent by the function

of the part.

If these assumptions are correct, it is not difficult to comprehend the many patterns

that are observed in s3moviomata. One would logically expect that neoplasms arising from

the articulations would in some instances reproduce undifferentiated connective tissues,

while in other instances the more highly specialized propensities of the cells rvould result

in the formation of synovial-membrane patterns or even cartilage. This seems to be the

case, beyond any reasonable doubt.

Thus, in the study of neoplasms arising from or near the articular, bursal, or tendinous

structures of the body, one encounters tumors that range in architectural pattern and

cellular composition from ordinary fibrosarcomata to the highly specialized equady

chLcteristic synovial sarcomata. It is not easy to establish criteria winch wall clearly

rli^^timmish between these two classes of malignant tumors.

^ ifthe present study, no tumor was included as one denved from and reproducing

,,,,„,,,,-tisLe.em™tsu„^^^
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.. Fjgs. 28 (X 128) and 29 (X 450). By comparison with (lie tumor illustrated in Figs. 25, 26, and 27,

this tumor (Case 7) shows a more pronounced clefting. The papillary projections of such cells into

preformed spaces is also', more distinct. This tiimpr arose from the tissues close to the insertion of

the tendo achillis, but was apparently unattached to the tendon itself. (A.I.P. Acc. iSlo. S1174.)

(Cases 8, 9, and 10 were similar in microscopic structure to the illustrated Cases 6 and 7.)
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Fia. 19

Case 5. The sectioned surfaces of a soft, partially cystic tumor, arising in the soft tissues just

below and medial to the left knee. The malignant qualities of the neoplasm were proved by the

subsequent metastases and the fatal outcome. (A.I.P. Acc.'No. 94431.)

Fig. 20
Highlj' cellular areas and intervening fibrous trabeculae are indicated in this pholoiniciogiaiih

(X 55) of the tumor illustrated in Fig. 19.

PATHOLOGY

Macroscopic Appearance

Sarcomata derived from synovial tissues are variable in size, texture, and appearance
(Figs. 12, 13, 19, and 35) . In the usual example, the tumor is sharp]}’" circumscribed. Owing
VOI,. 29, NO. 2, .fPRiL 194 7



Fig. 39

I'ip<. 38 (XCo) and 39 (X 500). Case 15. The microscopic appearances of a highly characteiistic

malignant neoplasm of sj'noi’ial origin. Tlie complex pattern created the elements supporting

the connective ti'^ne and the epithelial-Iike cells that form the tufts and clefts is well illustrated.

{.\.1.P. .'\ec. No. 93364.) (Case 16 jiossessed a similar microscopic structure.)
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<> , *
<*1 ' *••- *

Fig. 23

Case 5. A liighl}’’ cellular area (X 450) fiom the piimaiy tumor illustrated in Figs. 19, 20, 21, and
22 is shown.

Fig. 24
A metastatic nodule in the lung is leproduced in this photomicrograiih (X 150). Xotc the sim-

!ir cytological and stuicliual fcatuics in the prinian* and metastatic tumor nodules.
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Fig 44
Case 22. Low-power (X 55) and high-powei (X450) photomiciogiaphs leieal snonev and

.solid poitions o this neop asm. In ceitain aieas villous stiuctuies and tfssL spa^s m e ^Lmi-

identifjing shSuie^""' fmm<Zn of the u"«al

The specimen fiom which these illiistiations weie made was a soft, pale mass, 3 centimeters in
diamelei, aiising fiom and attached to the meniscus of the knee lomt The tumoi piomptiv
lecmied aftei local excision, and the extiemit}' was then amputated (A IP. Acc No. 113335 )
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Fig. 31 Fig. 32O. iVJ. Oi

Case 11. Photomicrographs of different portions of a hemorrhagic, string>'-appearing tumor tliat

measured 6 l\v 4 by 2 centimeters. Certain portions of the tumor were gray or gray-brown in color
and friable. Coarse fibrous trabeculae were traversing the mas.s. The tumor wa.s lateral to, and

tufting

S524S.)
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to the higlilj^ cliaracteristic patterns of growth (Figs. 47, 48, 51, 52, 53, and 54). It

was not feasible in this study to employ the vi vitro culture technique described by Murray,
Stout, and Pogogeflf, although such studies would be a valuable adjunct in differential

diagnosis.

The morphological features by which this group of neoplasms may be recognized are

illustrated in Figures 14 through 54. It will be seen that three basic pattei-ns exist and are

developed with varying degrees of clarity.

One pattern is represented by the formation of tissue spaces which vary from slitlike

clefts to well-defined glandlike spaces containing serous or mucinous fluid (Figs. 15, 16, 28,

29, 33, 34, 40, and 411 , The second major design is the formation of cell tufts. This feature

varies from compact groups of o^'al or ]n)lygonal cells segregated in solid portions of the

tumor tissue to papillary projections extending into the clefts and glandlike s])aces (Figs.

25, 26, 27, and 43). The third architectural design that is noted in the more highly char-

acteristic tumor is tlic reproduction of epithclial-like cells upon a supporting stroma of

compact tissue, formed of elongated cells with small dark nuclei (Figs. 38, 39, and 48).

The perfection with whicli these microscopic patterns are developed varies within

wide limits. In a given example, one such design may be well developed, while the others

are minimal and may require specially stained preparations to bring them into relief.

It will be noted, howc^mr, that these morphological features represent the basic struc-

tural and functional characteristics of s3'novial tissues. The ease with which the derivation

of the neoplasm is established depends upon the clarity with which the normal patterns

are reproduced. Although mitotic figures arc seen in vaiying numbers, it seems doubtful

if their frequency is a reliable index of the degree of malignancy of the neoplasm.

Microscopic examination should include the studj’’ of several well-selected blocks of

tissue. Single tissue blocks maj' resemble a benign s5movial-membrane lesion (Fig. 21), or

may contain abundant fibrous connective tissue with or without fatty detritus and cal-

cium deposits (Figs. 22 and 30). Extension of the tumor tissue into vascular channels or

tissue clefts beyond its gross margins (Fig. 32) should be looked for.

The cellular and structural features of the primaiy tumor are usually reproduced in

the metastatic lesions in the lungs and other organs (Figs. 23, 24, 53, and 54)

.

DISCUSSION

It is not the purpose of this paper to state the possible I’clationship of non-ncoplastic

swellings or benign tumors of joints, bursae, and tendon sheaths to the malignant lesions

that are described. It seems proper, however, to draw attention to the difficulties that may

be experienced in distinguishing between benign and malignant neoplasms of these tissue

components. Furthermore, it should be noted that there is historical evidence suggesting

that in some instances at least, a malignant tumor (synovioma) may develop in or near

a joint or some other sjmovial-lined structure that has been swollen or otherwise abnormal

for many months or years. It is highly desirable, therefore, to follow for subsequent

analj'^sis all patients from whom benign neoplasms or other tumor-like lesions of synovia

tissues have, been removed. Such a study of the vast amount of material now registered

with the Army Institute of Pathologj^ should give more precise information on the possffile

dangers of benign lesions acquiring malignant qualities, as well as provide histologica

criteria which would sharply delineate between the innocent lesions and those that are

potentially dangerous.

The usual treatment employed in this series was local excision, followed m ma j

instances by wider excision or amputation at a considerably later date, and is thus essen-

tially like that reported in previous studies in which the fatality rate from metastases na-

Belm^rMtlm^demobilization procedures in effect since the termination

it has not been possible to obtain recent follow-up information m many of the case.

the JOURXAL of bone AXD JOIXT SCBGEBl
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ORGANIZERS AND THE GRO^VTH OF BONE "

BV PIERRE LACROIX, M.D., LOUVAIX, BELGIUM

From the DcpartmenL oj Anatomy, University oj Louvain

The primary causes of bone growth still remain one of the chief and partly unanswered
questions in bone and joint physiopathologju A certain amount of work has been done
recently in this field, the results of which cast some light on the problem. We hope that a

summary of this research will induce other workers to plan their experiments along similar

lines.

THE PERICHONDRIAL BOXY RIXG OF THE OSSIFICATIOX GROOVE

First of all, as a necessary introduction for the description of the experimental findings,

we have to consider the structure of a young growing bone near its growth cartilage. Fig-

ure 1 represents the distal extremity of the radius of a rabbit, sevent3’'-five days old, and

Figure 2 shows a part of the same extremity at a higher magnification. Under the attach-

ment of the periosteum, in the ossification groove (Ranvier’s encoche d'ossification), is a

thin bony lamella, wdiich, of course, is the section of a ring presenting two faces and two

edges. Its central face is in close contact with the growth cartilage and the outermost

trabeculae of endochondral bone. Its peripheral face is separated from the periosteum by

a thick layer of periosteal cells. Its epiplij’-seal edge is free and shows signs of intense

osteogenesis. Its diaphyseal edge is also free and is being absorbed by osteoclasts. Growth

and absorption are going apace, for the height of the ring remains approximately the same

during development. This ring might be called “the perichondrial ring of the ossification

groove”; the expression is somewhat lengthy, but it has the advantage of being self-

explanatory.

The formation of this ring is easily understood, if one follow's the growdli of the

diaphysis from its earliest stage. In its most primitive form the diaphysis is represented

by’’ a bony’ tube, developed around the cartilaginous anlage at the time w’hen the cartilagi-

nous cells are beginning to hy’pertrophy and are on the verge of being im'aded. This tube

is continuous from end to end, but after a while its extremity is cut off from the middle

part by osteoclasts and becomes the perichondrial ring. The faster the growth of the

cartilaginous epiphy’sis, the sooner the extremity’ of the tube is isolated. From that time

on, the extremity’ of the shaft is made of two elements; One is the perichondrial ring of

the ossification groove; the other is the endochondral trabeculae which merge, on the one

hand, into the peripheral parts of the gi-owth cartilage, and, on the other hand, are con-

tinuous w’ith the middle part of the shaft. It goes wdthout saying that, if follow'ed toward

the diaphy’sis, the endochondral bone is seen to be transformed gradually into periosteal

bone.
. .

The process is Jinked witJi the tubuJization phenomenon by which the metaphysis is

continuously remodeled. It is w’ell known that the metaphy’sis must reduce its outer

diameters so that the iong bone will retain its typical proportions during grow’th. What

was unknow’n, surprising as it may seem, is that the process entails the cutting off of the

extremity of the primitive diaphysis and the continuation of its ow’n evolution m the

ossification groove.

Almost any other grow’ing extremity of a long bone of a rabbit (except the region

where the patellar tendon is inserted into the tuberosity of the tibia) might have been

chosen to show the ring described. We have not yet had the opportunity of studying human

bones from this point of view (and w’e w’ish that someone w’ith the necessary collection a

Summary of a lecture delivered before the St. Thomas’s Hospital Medical School at the invitation

of the University of London, June 6, 1946.
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upon the growth cartilage. As to the nature of the phenomenon immlved, it may be con-

sidered as an instance of induction. One cannot l)c too cautious in using such a word; it

should not be used for the mere production of new tissue, hut reserved for the cases where

this nciv tissue shmvs a definite tendency to be organized in a structure' similar to the

normal. Our experimental results meet exactly this requirement.

ASSIMILATORY INDUCTION OF THE ENDOCHONDRAL OSSIFICATION

Yet another instance of an induction phenomenon in bone groivth is provided by the

following experiments : A rod of hyaline cartilage was taken from the rib of a rabbit and

Fig. 4

Fig. 3; Sliow.<? porichondrial ring, one monfii after ho-

inotransiilantation of the central part of h'e distal gt'ovr

cartillage of the radius into the t>i'am 8j))

diicecl, by pcrmis.'sion, jroin Anal. Rcc., 92:

Fig. 4: Homotransplantation of a rod of hyaline costa

cartilage into the upper extremity of the tibia was do

111 such a manner that the graft pierced the growth car

tilage. Four months later the graft was the seat ot au

endochondral ossification (X36).
viitodun, fiotn Bull. Acad. Roy. dc Med. dc Belgique,

5>3, lOJ/O.)

nut, into the upper extremity of the tibia of .another young rabbit in sucli “

pierced- the center of its proximal grorvth cartilage. The
'VdttS 'rgraS

wounded, went on proliferating; and a close contact was estabhsl ed beto ecu tl
g

^

cartilage and the growth cartilage. After a few weeks the grafted caitilagc

a typical endochondral ossification (Fig. 4). The serial sections ‘
,,,, tlic

enm did not follow an invasion of the graft by the hos cartilage cells, but ‘''“t ‘

as one of assimilatory induction.

„.ox OP .XK osrnoo,nx.Bno SPBSTaHcn “plvcd by

^

The two li.--, :,r"m rirChrT::ry%inLbwy

induction at a much late, stage

THn
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296 PIERRE LACROIX

histological examination revealed the presence of all the structures which may be analyzed
in a growing long bone: growth cartilage, with its characteristic row arrangement and
partially surrounded by a perichondrial ring of the ossification groove (Fig. 5) ; tubular
diaphysis, enveloped by periosteum and containing a functional hemopoietic marrow
(Fig. 6) ,

et cetera.

OTHER INSTANCES OF THE ROLE PLAYED BY AN ORGANIZER IN OSTEOGENESIS

For their proper evaluation, the foregoing experiments, all of which n^ere performed
by the author, should now be put against a background provided by related facts.

Levander, in 1938, was the first to get osteogenesis or chondrogenesis with an alcoholic

extract of fracture callus as well as of normal bone. Similar results were reached by his

pupil, Annersten, in 1940. In 1944, Bertelsen also obtained positive results with extracts

of bone marrow, bone tissue alone, periosteum, and bone extremities, including epiphysis,

growth cartilage, and mctaph3'sis. Judging from the illustrations published by the Scan-

dinavian authors, none of their results, fundamental as they are, can compare, as far as

the degree of organization is concerned, with the results observed with extracts of epiphyses

treated at a stage when thej'- arc still entirelj’^ cartilaginous. Consequently we want to

stress that this tissue seems to offer better prospects for future research.

In a recent paper (1946), the author studied the osteogenetic properties of the peri-

osteum and collected some new facts, which seem to prove that not only the organization

of a skeletal piece, but also the osteogenesis produced bj'^ the periosteum, is under the

influence of an organizer. According to Bertelsen there is little doubt that the same con-

clusion must be extended to the osteogenesis produced by bone marrow and by a bone graft.

We believe that these experiments permit us to view, at last, the problem of osteo-

genesis from the right standpoint: It is an embiyological problem which must be dealt

with accordingl}’’,—that is, with embiyological h5q5otheses and methods. Results obtained

so far warrant further research in the same direction. Practical applications, if any, will

have to be considered after the main subject is better known.
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TABLE I

Sites \sd Tipes or Fractures Encountered in a Series or Sixtt RIetvtarsal M\rcii Fractures

Ntmiher Per Cent

Side of lesion

Right only 24 4n
Left only 30 50
Bilateial (nght 3, left 3) 6 10

Total 60 100
Total light 27 45
Total left 33 55

Total 60 100

Metataisal fiactuied
First 1 \ ft

Second 32 534
Third 27 450

Total 60 1000
Segment of metataisal fiactiued

Pioximal third 9 15
Middle thud 22 36
Distal thud 20 49

Total 60 100

Tj’pe of fractiae

Displaced 5 9

Complete but not displaced 35 58
Incomplete 20 33

Total 60 100

be made more accurate!}'’ on the basis of these iindings tlian on t]ie liasis of roentgeno-

graphic examination. In several instances, roentgenographic examination, which was

initial!}^ negative, later revealed tlie fracture at the suspected location. Pain on flexion of

the toe of the fractured metatarsal u-as an almost universal finding.

Table I presents data concerning the side of the lesion, the metatarsal involved, the

segment of bone fractured, and the type of fracture encountered. The higher incidence of

fractures of the left foot, which differs from most reports, is surprising. In our series of

sixty patients there were three instances of bilateral metatarsal fractures. Table I deals

only with the sixty metatarsal fractures. In addition, three patients who presented inaieh

fractures elsewliere were studied; one liad a fracture of the iscliium, another of the distal

end of the tibia, and the third of both calcanei. The findings in these three cases were the

same as those described in the literature for similar lesions.

ETIOLOGICAL STUDY

To ascertain the relative importance of certain causative factors, a comparative study

of the group with march fractures and of an equal number of carefully selected controls

w'as made. Sixty soldiers from the Mars Task Force who had completed at least 200 miles

of the same forced march, without foot complaints, were selected. These soldiers, chosen

from the medical wards of the Hospital, had been admitted for diseases not involving the

musculoskeletal system.

There were no significant differences betw'een the two groups in the following factors-

(a) age, (b) height, (c) w'eight, (d) weight of load carried, (e) previous occupation, (f)

family history of foot trouble, and (g) type of shoe worn. Differences between the two

groups are showm in Table II.
_

,

As the soldiers wuth march fractures began to arrive, we were impressed with

inadeauacy of their foot training in preparation for such a mission. In order to evalua e

the reltive importance of this factor in the production of fracture, an

to compare their training with that of the control group. A minimum of tuo tour-ni
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present series. No progress notes have been obtained from eight patients. It is known,

however, that eleven of tlie patients died with widespread metastases. In two additional

patients, metastases are known to lie jirescnt; and in three others, recurrences have been

reported. It appears probable, therefore, that the follow-uj) study now in progress will

only re-emphasize the well-known fact that these tumors end fatally in a high proportion

of instances when treated by the conventional methods. However, as has been forcefully

stated by Haagensen and Stout, the usual location of this tumor in an extremity and its

tendency to remain localized for considerable periods of time are factors of great ad-

vantage to the surgeon. If the present discouraging death rate is to be improved, there

must be closer cooperation between the surgeon and the ])athologist. The pathologist must

develop skills and techniques which will enable him to interpret these lesions properly, and

the surgeon must take the necessary means to eradicate the local lesions without resorting

to preliminary conservative measures.

SUMMARY^

Among the many lesions removed surgically from synovial-lined structures and regis-

tered with the Army Institute of Pathology during the years of the second World War
were thirty-two examples of the malignant neoplasm usually designated as synovioma.

Certain cytological and structural features distinguish this type of neoplasm from

other mesenchymal tumors. These cell patterns may be explained by referring to the

anatomical and physiological peculiarities of the normally developing and mature synovial

tissues.

Although the determination of the fatality rate in the present series must .await the

completion of the follow-up study which is now in progress, the knowledge that sixteen

patients have died, have had metastases, or have shown local recurrences, points again to

the seriousness of this neoplasm, as well as to the necessity for its prompt and complete

surgical removal.

The present observations indicate a need for a follow-up study of the many cases

in which synovial-membrane lesions, now regarded as benign, have been removed. Such
an investigation should aid in determining the future course of these lesions of varied

histological patterns and thereby serve as a guide for appropriate treatment.
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expressed as “minus” in millimeters. Of the march fracture group, there were "plus”

measurements in 89 per cent, of the cases; of the control group, in 66 per cent. In the frac-

ture group the average of all these relative measurements was plus 2.9 millimeters; whereas,

in the control group, the average was plus 1.6 millimeters. Although a majority of both

groups thus showed a relatively short first metatarsal, both the number and degree of

involvement were greater in the series with march fractures.

The moderate difference between the control and the fracture groups, as regards

history of previous foot complaints, is not statistically significant.

TEEATMBNT

In every case the metatarsal fracture was immobilized in a plaster boot, with attached

walking iron, until there was roentgenographic evidence of bony union. On the average,

five or six weeks were required. The patients were then sent to the convalescent section

of the Hospital for intensive foot reconditioning.

BESTJLTS

The cases were followed for approximately five months, and the results of treatment

were generally unsatisfactory. Persistent foot complaints considerably prolonged hospi-

talization. In spite of good clinical and roentgenographic evidence of bony union in eveiy

case, onl}'^ half of the soldiers returned to combat duty.

The frequency of march fractures in the expedition of the Mars Task Force resulted

in a considerable loss of manpower. Because combat soldiers were involved, the military

loss was particularly costly. We believe that proper preliminary foot conditioning would

have prevented most of the fractures.

SUMMAEY

1. Sixty patients with typical march fracture are compared with a control group of

sixty patients without march fracture. Both undertook the same 300-inile march with the

Mars Task Force through rough terrain in Buiana.

2. No significant differences between the two groups were noted in age, height, weight,

weight of the load carried, previous occupation, family history of foot trouble, and type

of shoe worn.

3. The incidence of previous foot complaints, pcs planus, ankle valgus, and a rela-

tively short first metatarsal was greater in the march fracture group.

4. The intensity of preliminary foot conditioning was the most significant difference

between the two groups.

5. March fracture occurs in a structurally inadequate and improperly conditioned

foot as a result of functional overloading. We believe inadequate conditioning was chiefly

responsible for the high incidence of fracture in the group reported.

TUK JOUIISM, OF BONE AND JOINT SUBOEB'i
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his disposal might do so), but this description holds good for a few mammals taken at

random.

THE FORMATION OF THE PERICIIONDRIAL RING AS AN INDUCTION PHENOMENON

In this series of experiments, the central part of a growth cartilage has been grafted

into a variety of organs and its evolution studied bjr histological examination. Following

is an example of the results.

In a nine-day-old rabbit, the distal growth cartilage of the radius was cut off with a

sharp knife by making two transverse and parallel sections; its whole peripheral region

was then taken away by cutting four sections at right angles. The disc-shaped growth

zone was thus reduced to a small cubic piece, consisting exclusively of cartilaginous tissue

without any remnant of the ossification groove. A hole was drilled in the parietal bone of

a rabbit of the same litter, and the graft was pushed into its brain.

One month later the graft was recovered and studied in serial sections (Fig. 3) . It

had produced a large quantity of endochondral trabeculae, which were being absorbed

and replaced by hemopoietic marrow. All around the cartilage, cells which seemed to be

ordinary fibroblasts had gathered. Some of these cells had taken part in the formation of

a thin bony lamella, surrounding and flanking the growing cartilage. The bony lamella

was gi'owing by its epiphyseal edge and was being absorbed by its other edge. It was
identical with the normal perichondrial ring of the ossification groove (Fig. 2)

.

The formation of this ring is thus a phenomenon which depends, directly or indirectly.
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Immediately after^ removal of the limb, 2 cubic centimeters of dye solution was in-
jected into the ankle joint. The needle was inserted at the angle between the media!
malleolus and the distal end of the tibia, and the joint was flexed and extended six times
to disperse the dye.

The knee joint was opened at 5:40 p.m. by a transverse suprapatellar incision. The
superficial fascia on both the medial and lateral aspects of the joint was stained. On
deeper incision, synovial membrane, stained blue, was seen on both the medial and lateral

aspects of the limb.

Inspection of the joint cavity showed that all parts had been stained. The color range
was from a navy to a pale blue. The most intense staining was about the site of injection.

The posterior and lateral walls of the suprapatellar synovial pouch and the lateral half of

the patellar articular surfaces were accordingly the most deeply stained parts of the joint.

The lower part of the joint had been stained less deeply. The synovial membrane of

the infrapatellar fatty pad and cruciate ligaments was a pale blue. The articular cartilage

of the femoral and tibial condyles was also stained a pale blue. In the region of the

menisci it was even paler, although the free margins of the menisci were quite markedly

stained.

The residual dye wms next removed by means of a needle and syringe, and the joint

was washed out repeatedly. The manner in which the reclaimed dye was treated will be

discussed later.

The ankle joint was opened at 9:30 p.m., and the residual dye was recovered as before.

The entire synovial lining, as well as the articular cartilages, had been stained a very dark

blue, and contrasted strongly with the paler blues of the knee joint.

The talus was next removed. The unstained tissues of its calcaneal and navicular

articulations served as a measure of comparison and control.

Colorimetric Determinations

The fluid from the knee joint (about 3 cubic centimeters) and the washings were made

up to a volume of 100 cubic centimeters, and compared with a suitable standard. The

residual trypan blue, which was free in the cavity, amounted to 0.80 milligram. This

represents a recovery of 1.2 per cent, or, conversely, an absorption or fixation of 9S.8 per

cent, of the dye originally injected.

The fluid from the ankle joint (about 2 cubic centimeters) and the aspirated washings

were made up to a volume of 100 cubic centimeters, and the free dye was determined. Tlie

residual trypan blue amounted to 8.4 milligrams, or ten times more than in the case of the

knee joint. This represents a recovery of 12.6 per cent., and an absorption or fixation of

87.5 per cent. The fixation in this case was, however, many times more obvious than in the

knee, as pointed out previously.

No trace of dye was visible in the urine after the operation.

Histological Study

Pieces of tissue were removed from the anterior and posterior walls of the suprapatellai

synovial pouch, the infrapatellar synovial fold, and the posterior wmll of the knee-join

cavity, in tjie manner of Kling’s technique of systematic dissection of the knee joint. A ei

fixation in 5 per cent, formalin, paraffin sections were prepared in the usual way. Unstamec

sections, as well as sections counterstained with safranine, were used for locating the

Microscopic examination of these tissues showed that the trypan blue had

through, and lightly stained, both the synovial and subsynovial tissues of the knee.

histological picture was much the same throughout the joint, but most vivid at t

”'“ThLurfaco layer or layers of synovial cells, although

of dye granules, except for an occasional cell or group of cells. The

the synovial and subsynovial layers, however, contained numerous

the joubnal of bone and joint SURGEK



ORGANIZERS AND THE GROWTH OF BONE 295

Fig. 5

Osteoma following the intramuscular injection, forty-one days before, of an alcoholic extract

of the growth cartilage. Shows newly formed growth cartilage with its perichondrial ring of

the ossification groove. Some muscle fibers are confined in the cartilage (X 100). {Reproduced,
hy permission, jrom Bull. Acad. Roy. de Med. de Belgique, 10 : 529, 1946.)

Fig. 6

Another region of the same osteoma. The diameter of the bony tube is being enlarged by
external apposition and internal absorption (X 100). {Reproduced, hy permission, Jrom Bull.
Acad. Roy. de Med. de Belgique, 10: 62S, 1945.)

tow'ard the existence in the growth cartilage of an organizer. The question has been pushed
another step forward by successful experiments with an alcoholic e.\’tract from the growth
cartilage.

In a typical case, the cartilaginous epiphyses of two newborn rabbits were cut into
chips and extracted in 94 per cent, alcohol. The e.xtract was injected into the thigh muscles
of another rabbit. Forty-one days afterward, a large osteoma was found in the thigh. Its

VOL. 29, NO. 2, .«>RIL 19«7
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determined colorimetripally, this suggested that the transportation of t]:e dye into the
blood stream was principally dependent upon physicochemical factors and the integrity
of the circulation. En route, however, the dye had apparently behaved as if within a

connective tissue.

In the ankle, on the other hand, the dye presumably had diffused into the articular

tissues and was fixed largely by the intercellular matrix. A very small quantity underwent
phagocytosis prior to cell death.

The microscopic findings and the marked dy^e absorption appear, therefore, to confirm

for the human joint the assertion that dyms pass rapidly into the synovial intercellular

spaces, to be absorbed largely^ by' the capillaries.

SUMMARY

Tiypan blue in saline solution was injected into a living normal knee joint, one hour

before amputation. During this time 99 per cent, was absorbed, and microscopic examina-

tion showed that the dye had stained only lightty the symovial and subsynovial tissues. In

general, the symovial cells were clcrmid of dym granules, but these were visible in the macro-

phages, the fibroblasts, and the monocy'tes.

The same amount of tiypan blue was injected into the ankle joint after amputation.

After five hours, 88 per cent, had been absorbed; but much of this remained fixed in the

symovial membrane, and both cells and matrix showed intense staining to a depth of 2

millimeters.

It is concluded that tiypan blue is absorbed rapidly' from the normal living knee joint,

mainly' by' diffusion into the blood and, to a much less degree, by way of the lymph and by

phagocytosis. Circulation to the joint is shown to be an important factor.

Note; The author.*; wi.-h to expre.®.*; their tliank.*; to tV. Alan Curry, M.D., for providing the facilities

to conduct this experiment, to Profe.'.'or F. Ronald Hayes for faking koclachrome pictures of the joints,

to Miss Barbara Schwartz for i)re))aring the histological sections, and to S. C. Saunders, M.D., for con-

firming the histological findings.

REFERENCES

1. Adkins, E. W. 0., and Davies, D. V.: Absorption from the Joint Cavity. Quart. J. Exper. Phj'siol.,

30: 147-154, 1940.

2. B.auer, tvalter; Ropes, M. W.; a.nd IVai.ne, Ha.vs; The Pliysiology of Articular Structures. Plu'dol.

Rev., 20: 272-312, 1940.

3. Burman, M. S.; Arthroscopy or the Direct Visualization of Joints. An Experimental Cadaver Stud)’.

J. Bone and Joint Surg., 13: 009-695, Oct. 1.031.

4. Clark, W. E. Le G.: An Experimental Study of the Nature of the Synovia] Membranes of Joints.

J. Anat., 63: 152-154, 1928.

5. Engel, D.; The Penneabilit)’ of the Synovial Membrane. Quart. J. Exper. Physio!., 30: 231-2 ,

6. Gordon, H. K., and Chambdrs, Rohrut: The Partieie Size of Acid D3"es and Their Diffusibilitj" m o

Living Cells. J. Cell, and Comp. Pliy.ciol.. 17; 97-108, 1941. ,

7. Hober, Rudolf: Correlation between the Molecular Configuration of Organic Compounds an

• Active Transfer in Living Colls. Cold Spring Harbor Symiiosia on Quantitative Biology, \oJ. b,

pp. 40-50. Cold Spring Harbor, New York. The Biological Laboratory, 1940.
v I 11

8. Key, J. A.: The Synovial Membrane of Joints and Bursae, /a Cowdry's Special C5’tology,
o •

New York, Paul B. Hoeber, Inc., 1932.

King L.S.: Vital Staining of the Connective Tissues. J. Exper. Med., 68; 63-72, 1938.

IClin'g, D. H.: The Synovial Membrane and the Synovial Fluid. With Special Reference to . r

and Injuries of the Joints. Los Angeles, Medical Pres.s, 1938. -

. nf a

Parsons, R. J., and McMaster, P. D.; Normal and Pathological Factors Influencing the Spre

Vital Dve in the Connective Tissue. J. Exper. Med., 68; 869-890, 1938.
Ti,iman

12. Cjs M, E, C,; B-.v.b, W™: The Origie and N.U.re of Normal Ham..

Synovial Fluid. J. Clin. Investigation, 19 : 795-799, 1940.
• , r* .-f , T Done and Joint

13 Rynearson, E. H.; The Macrophage in Absorption from the Synovial Car it)

.

Surg., IS: 127-137, Jan. 1931.

9.

10 .

11 .

THE JOURNAL OF BONE AND JOINT SURCEK'



MAECH FRACTURES

A Study with Special Reference to Etiological Factors

BY CAPTAIN JAMES G. DONALD AND CAPTAIN WILLIAM T. FITTS, JR.

Medical Corps, Army of the United States

Although tlie medical literature of World War II is replete with articles on march

fractures, it seems worth while to report a study, largely etiological in nature, of sixty

patients in whom typical march fractures developed under combat conditions in Burma,

and who were admitted to the 20th General Hospital in India. The etiology of march

fracture has been a matter of controversy for many years, and pertinent data are not only

of scientific interest, but may be of vital importance in the event of another extensive

military-training program.

During the Central Burma campaign of 1944, the Mars Task Force marched from its

training area near Myitkyina, Burma, south toward Bhamo, and then eastward across the

mountains to the Burma Road, covering a distance of about 300 miles. Soon after the

Mars Task Force left its encampment, a considerable number of patients with typical

march fractures began to arrive at hospital installations in the rear. Sixty such casualties

were admitted to the 20th General Hospital, and approximately twenty to neighboring

installations. The incidence of march fracture in the Mars group was in striking contrast

to that of a similar group, Merrill’s Marauders, who, eight months earlier, had covered a

comparable distance, over like terrain, up the Stilwell Road and into the Hukawng Valley.

During the entire Marauders’ expedition, only two patients from that command with

march fractures were admitted to the 20th General Hospital. Since nearly all their

casualties were evacuated to this Hospital, the number approximates the total incidence

of the lesion among the Marauders.

In an attempt to explain the unusually large incidence of march fracture in the

Mars Task Force, a detailed analysis of the sixty cases admitted to our Hospital was made.

AVERAGE CASE

Based upon averages of the sixty cases, the fracture occurred in a white soldier, twenty-
five years old, sixty-nine inches tall, weighing 150 pounds, and carrying a load of fifty-

seven pounds. Onset of symptoms was noted on the thirteenth day of the march, after the

soldier had traveled 106 miles. Symptoms were essentially identical in all cases of meta-
tarsal fractures, which comprised 93 per cent, of the series. The soldier noticed a sudden
and unusual pain in the foot, which was more severe on the dorsal surface over the metatarsal
shafts. It differed from any foot pain which he had experienced previousR'^ on marching.
In half the cases, the soldier could state the exact time of onset; in the other half, the onset
could be fixed within six hours. The diagnosis was not, as a rule, made early. After the
onset of pain, the soldier continued to march for an average of five days over a distance of

thirty-seven miles. During the period of continued marching, swelling developed; and, in

most instances, redness appeared on the dorsal surface of the foot. The pain progressively
increased until walking was no longer possible, and evacuation was necessary.

All patients were evacuated through one of the forward medical installations, where
the correct diagnosis was usually made, and a plaster boot was applied to the affected foot.
At the time of examination in this Hospital, every patient showed some degree of swelling
over the dorsal surface of the foot, usually greatest over the distal third of the metatarsals.
A universal finding was spot tenderness at the site of fracture; so that, in almost every
case, the patient could place his finger tip directly on the fracture. The histoiy and find-
ings on examination were so characteristic that, in the earlier stages, diagnosis could often
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TABLE II

Factors op Etiological Significancb in Sixty Paticnts wihh March Fracture

MARCH FRACTURE GROUP CONTROL GROUP

Number Per Cent. Number Per Cent.
Prei'ious training

Adequate .. 11 IS 31 51
Inadequate 49 82 29 49

Total 60 100 60 100

History of previous
foot complaints 15 25 10 17

Pes planus . 22 37 4 7
Ankle valgus 25 42 4 7

hikes per week for the three weeks immediately prior to the march was arbitrarily set up
as a standard for evaluating adequacy of foot conditioning. It was found that 51 per cent,

of the control group had met this quite reasonable standard, whereas it was met by only

18 per cent, of those in whom fractures developed. The control group also had superior

conditioning during their period of training in the Zone of the Interior, although these

benefits might well have been vitiated during the sea voyage. Further data concerning the
value of training in prevention of march fractures are pi’ovided by a comparison of the
incidence of fractures in the two American regiments in the Mars Task Force. One regi-

ment had been required to march to and from field manoeuvres and bad had more rigorous
marching training than the other regiment. Both had approximately the same number of

men and made roughly identical marches. The incidence of march fracture was five times
as great in the regiment with the lighter training program.

Intensive conditioning very likely explains the low incidence of fracture in the
Merrill Marauders group, mentioned previously. Unlike the soldiers of the Mars Task
Force, Merrill's Marauders had engaged in previous campaigns requiring vigorous march-
ing and, of more importance, had had superb conditioning during the weeks immediately
preceding the march.

It is interesting that a march fracture was never encountered in a Chinese soldier in
the 20th General Hospital, although large numbers of Chinese casualties were admitted
from units which made essentially the same march as the Mars Task Force, It is obvious
that many diverse factors play a part in this discrepancy. Nevertheless, the fact that
Chinese soldiers were more accustomed to strenuous foot activity than Americans is further
evidence that inadequate conditioning is an important factor in the production of march
fracture.

The conclusion was reached that a march fracture occurs in a structurally inadequate
and improperly conditioned foot as a result of functional overloading. It is significant that
a much larger percentage of the fracture group showed pes planus and ankle valgus. It is
possible that some of these static disorders were not present before the onset of the march,
but were produced by overloading an inadequately conditioned foot.

Much has been written concerning atavistic foot structure in the production of march
Iracture. All the roentgenograms of the fracture group were studied with this in mind,
imr comparison, sixty rocntgemograms of feet, which had been made for reasons other than
march fracture, were selected at random in the Department of Radiologjn Admittedly thiswas not a perfect control group, but scarcity of film made it impossible to examine thatnumber of clinically normal asymptomatic feet, or to e.xaraine the sixty patients of the
control group. In studying these roentgenograms, we adopted a short first metatarsal as

tliedistM
of ^bnonnal foot architecture. A line was drawn across the film at

o ion's ?
oietatarsal, at right angles to the axis of the foot. Tlie distance

olOK. If 11,0 distal end of tlic second n,efatars.al fell short ot the line, this distance tens
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ABSORPTION OF TRYPAN BLUE FROM TliE HUMAN KNEE JOINT

BY R. L. DEC. H. SAUNDERS, M.D., AND E. GORDON YOUNG, PH.D.

HALIFAX, NOVA SCOTIA, CANADA

From the Departments nj Anatomy and Biochemistry, Dalhousie University, Halijax

Little information is available on the rate of absorption of chemical substances from

normal human joints and on the pathways involved. Most experiments on the permeability

of synovial membrane have been conducted on animals. Those performed on man haA^e

been largely on diseased joints, and there appear to be feiv records of actual experiments

on normal human joints.

The mode of transfer of trypan blue from the joint caAuty to the blood stream has

been carefully studied in animals bj’’ a number of Avorkers, including Rynearson, Key,

Adkins and DaAues, and Clark. As far as such diffusible dyes are concerned, the consensus

is that they are largel}’- absorbed by capillaries and, to a lesser extent, by lymphatics-.

Dyes, such as trypan blue, have not been used in the study of these mechanisms in man.

It seemed desirable, therefore, to test the direct applicability of some of these assertions

to the Ihdng human joint, and at the same time to attempt a quantitatKe determination

of the absorption. Trypan blue Avas selected because it is a readily soluble dye, free from

local irritative and general toxic effects.

PROCEDURE

The case selected for study Avas that of a young male, aged tAventy-three years, AAdio

Avas forced to lose his left loAver limb because of a growth, invoh'ing the proximal part of

the thigh on the lateral aspect. The pathologist subsequently reported that the growth was
a diffuse endothelial mj^eloma or EAving’s tumor, involving the upper third of the left

femur.

It Avas decided to carry out an intra-articular injection of trypan blue into the knee
joint prior to amputation, to submit the joint to histological examination after operation,

and to determine the degree of absorption colorimetrically.

The quantity of synoAual fluid in healthy human joints has been found in amounts
A'arying from 0.13 to 3.5 cubic centimeters in 124 knees, examined immediately after death
by Ropes, Rossmeisl, and Bauer. Avhile the cubic capacity is giA'^en as betAA^een 60 and 300
cubic centimeters". The injection of a small A'olume of solution could, therefore, produce
no undue distension of the knee joint.

A solution of trypan blue 13.00 grams per 100 cubic centimeters of 0.9 per cent, sodium
chloride, reagent grade for biological work! was prepared and sterilized in the autoclaA^e.

Throe cubic centimeters of this solution Avas then placed in sterile ampoules. A solution

for colorimetric estimation of the tiypan blue present Avas made by diluting 1 cubic centi-

meter to 100 cubic centimeters. A standard solution, containing exactly 0.100 gram of

tiypan blue, Avas prepared in 1 per cent, sodium chloride, from Avhich othci’ standards Avere

made by dilution. This permitted the determination tliat the fluid injected contained 33.8
milligrams of trypan blue per cubic centimeter.

This solution of trypan blue (2 cubic centimeters) Avas injected, under local anaes-
thesia, into the superolateral aspect of the suprapatellar synoA’ial pouch at 2:34 p.m. on
the afternoon of the operation. The knee AA-as passively flexed about 45 degrees and then
extended, about six times, in order to disperse the dye throughout the joint. The injection
Avas attended Iw no local or systemic effects.

high-thigh amputation Avas l)egun about an hour later, at 3:40 p.m. The femoral
vci^sels Averc ligated at 3:50 p.m.. and the A'esscls on the back of the thigh soon after. The
extremity Avas remoA’ed at 4:40 p.m.
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THE WHITMAN RECONSTRUCTION OPERATION FOR COMPLICATIONS
OF FRACTURE OF THE NECK OF THE FEMUR*

BY ARTHUR KRIDA, Af.D., NEW YORK, N. Y.

INTRODUCTION

The outcome of a fracture of the neck of the femur may fall into one of the following

categories:

1. Death of the patient;

2. Non-union without aseptic necrosis of the head
;

3. Non-union with aseptic necrosis of the head;

4. Non-union with absorption of the neck;

5. Non-union after pinning, with some degree of infection;

6. Union of the fracture and restoration of function

;

7. Union with late necrosis of the head and secondary osteo-arthritis

;

8. Union with late necrosis of the head and the development of an aseptic sequestrum;

9. Union with necrosis of the head and gradual complete regeneration of the head,

with restitution of function.

INDICATIONS FOR OPBRATH'E TREATMENT

The failure of primary treatment of this fracture frequently indicates the employment

of reconstructive procedures.

Whether or not any operative treatment should be undertaken depends upon con-

siderations applicable to the individual in question. Aged individuals in poor condition

are not proper subjects for operative treatment.

The ordinary group consists of people in fair general condition, whose locomotor

ability has been severely curtailed, and who suffer a great deal of pain.

Sometimes when there is a question as to the advisability of operation, consideration

of the patient’s social and economic environment is more important than the pathological

condition. Since increase in physical capacity and relief of pain are objects of comparative

value, and since all reconstructive procedures on the hip joint entail a good deal of forti-

tude and cooperation on the part of the patient, the question of operatiim interference has

frequently to be answered on grounds other than those of the actual gross pathological

picture.

General indications for operative treatment may be found in all the subdivisions of

the subject listed in the Introduction, with the exceptions of 1, 6, and 9. It may be stated

here that operations designed to secure union of the head and neck fragments are ordinarily

disappointing in non-union with aseptic necrosis of the head (3), and non-union Avith

absorption of the neck (4) . This applies not only to pinning and bone-grafting operations,

but also to osteotomies.

Operations dealing Avith union AAuth late necrosis of the head and secondary osteo-

arthritis are of the type usually practised for ordinary osteo-arthritis of other origin, and

Avill not be dealt with specifically.

THE WHITMAN OPERATION

Indications
.

.

General indications for this operation may be found in non-union with aseptic necrosis

of the head (3) ;
non-union with absorption of the neck (4) ;

non-union after pinning aat i

* Presented at the Annual Meeting of The American Orthopaedic Association, Hot Springs, Virginia,

June 29
,
1946 .
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granules of dye. Many subsynovial fibroblasts also contained dye deposits, lying close to

the nucleus or scattered about the cytoplasm. There was frequent evidence of the staining

of intravascular blood cells, and a number of granule-laden monocytes were observed.

Few polymorphonuclear cells were present.

Sections of a popliteal lymph node showed a few blue-stained macrophages, but no

other significant changes. Inguinal lymph nodes were, unfortunately, unobtainable at the

operation.

Similarly prepared and stained sections of the synovial membrane lining the anterior

and posterior ligaments of the ankle showed marked staining of the synovial and sub-

synovial cells and cell processes to a depth of about 2 millimeters. Again, with a few ex-

ceptions, no dye granules were observed within the synovial surface cells. Macrophages,

placed synovially and subsynovially, contained dye granules, as did some fibroblasts; but

in neither case were they so striking as those seen in similar cells in the knee.

In view of Burman’s work on the effect of dyes on joint cartilage, hand-cut sections

were made of the articular cartilage; that of the knee showed superficial staining, while the

ankle showed intense staining of the cells and matrix to a depth of five or six rows of

cartilage cells.

DISCUSSION

Trypan blue was selected because it is a common vital stain, without local irritative

or general toxic effects when in low concentration in saline solution. It is an acid azo dye,

similar to Congo red, with a molecular weight of 960. This type of dye has been shown by

Hober to be readily diffusible. The size of particle in aqueous solution has not been deter-

mined, but from the observation of Engel on the rate of diffusion through gelatin gel, and

by comparison with Congo red from the determination of Gordon and Chambers, it must
be about 1 millimicron.

Synovial membrane is a layer of modified connective tissue of appreciable thickness.

Soluble substances passing from the joint cavity to the blood stream must traverse its

tissue spaces and fluids by diffusion or selective absorption, before reaching the blood or

lymphatic capillaries. A varying period of detention within it may therefore be expected,

according to the substance considered, the reaction it evokes, and the initial condition of

the tissue.

We are here comparing the passage of an innocuous soluble substance, under similar

conditions, from the knee joint and from the ankle joint, except that in the first instance

there was active circulation to the joint for one hour and in the latter instance there was
not. The importance of circulation is established both chemically, macroscopically, and
microscopically in this case.

Adkins and Davies have concluded, from numerous experiments with rabbits, that
substances in true or molecular dispersion are absorbed mainly by diffusion into the blood
stream, while substances in a state of colloidal dispersion are absorbed both by the lym-
phatics and the blood in the course of one to two hours. In fine suspension, there is slow
removal by the lymphatics only, or none at all. Adkins and Davies stress absorption as
being predominantly a physical process, independent of synovial-cell activity. In rabbits,

trypan blue was found to occupy an intermediate position between the molecular and
colloidal states. The authors’ evidence in the human would support this conclusion.

The spread of dyes through living synovial tissue has never been observed micro-
scopically. Parsons and McMaster showed, however, that dye moved either along or
between the connective-tissue fibers, and was influenced by such factors as oedema and
vessel pulsation. King showed further that trypan blue is primarily fixed by the inter-
cellular connective tissue.

The histological picture in the knee was not one of marked phagocytosis or cellular
activity. Coupled with the marked and rapid absorption (99 per cent.) of the dye, as
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Fig. 1-A Fig. 1-B

Fig. 1-A: Typical iiniinited fiacturo of the hip with absorption of the neck.

Fig. 1-B ; The same case about eight months following the Whitman operation.

General Physical Capacity

The difference between crutches or wheel chair and comparatively comfortable ambu-

lation without appliances, other than the occasional use of a cane, does not need emphasis.

The ideal result was obtained in a farm laborer who had had an unsuccessful pinning with

some degree of infection. He returned to his arduous labors. The intermediate type of

result is exemplified by the elderly woman who was obliged to do her housework, and who

tvas enabled to perform such work with a reasonable degree of satisfaction. The failure is

illustrated by the individual who does not possess the requisite degree of cooperative en-

deavor to rehabilitate himself thoroughly, or Avho is denied the opportunity of skilled and

sometimes prolonged postoperative care.

1. Whitm..\n, Royal; Tlie Rcconsfuiction Opciation for Uminitccl Fiacture of tlie Nock of the FemW-

Surg., G3mec., and Obstet., 32: 479^86, 1921.
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ARTHRODESIS OF THE HIP FOR UNUNITED FRACTURES

BY A. BRUCE GILL, M.D., PHILADELPHIA, PENNSYLVANIA

In general, union and non-union of fractures of the neck of the femur are but two

phases of the same problem. Of course, the goal of every surgeon is to find a uniform and

universally successful treatment of fractures, so that the problem of non-union becomes

non-existent. The incidence of non-union has been -materially reduced in recent years, by

a more meticulous application of the old principles of complete reduction and absolute

fixation. Much of the present literature deals with methods of internal fixation. The

writer is not aware that any surgeon can make substantiated claim to 100 per cent,

successful bony union by any method of treatment. Add the failures of good treatment

to the vast number of cases of non-union resulting from poor treatment, and it is apparent

that the treatment of non-union merits our attention. We must bear in mind, also, those

not infrequent cases of necrosis of the head of the femur, that become evident after com-

plete bony union has taken place. Patients with this condition may be almost as disabled

as if bony union had never occurred.

It is apparent to the surgeon, therefore, that some factor in the repair of fracture of the

neck of the femur and in the permanent restoration of normal function of the hip joint is

at present beyond our control. We explain this by saying that aseptic necrosis of the neck

and the head of the femur occurs, because there is incomplete restoration of blood supply

to the affected bone. While this-is probably true as far as it goes, it does not explain why,

with the use of the same method of treatment, it occurs in one individual and not in

another. If it is not due to variations in the destructive nature of the local injury, is it

due to differences in the regenerative powers of the individual? This subject merits inten-

sive study; because, if we could know what patients are doomed from the moment of

fracture to non-union or to necrosis of the head following union, we could save them
months or years of inactivity, disability, and pain.

If non-union exists, which operation among several should the surgeon elect to restore

painless function of the hip? What are the indications and the contra-indications for each

of them? If any one of the standard procedures is proved to give a perfect result in all

cases, it should undoubtedly be the operation of choice.

-Arthrodesis of the hip is indicated when other operations have failed, and it should be
used primarily when there are contra-indications to other operations. If it is the last resort
for some patients, why should it not have been for them the first resort?

Contra-Indications for Operations to Secure Union

1. Rapid absorption of the neck of the femur after the fracture;

2. Absorption of a large portion of the neck of the femur, including its distal portion;

3. Aseptic necrosis of the head of the femur;
4. Chronic degenerative arthritis.

Contra-hidications for Arthroplasty or Reconstructive Operations

1. Complete or almost complete absorption of the neck of the femur;
2. Degenerative arthritis;

3. Rigid or painful lumbar spine. Abduction of the femur when bearing weight is

necessary to keep the upper end of the femur in the acetabulum. This produces tilting of
the pelvis, and a lateral bending of the lumbar spine.

.hine*29,'^I94G*^*^
fleeting of The American OrUioBaecUc -Ap'oeiation. Hoi Spring-^, Virginia.
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united fracture of the neck of the femur was performed in 1943, and since then eight

patients with this pathological condition have undergone this operation. It is the author’s

purpose to present the results obtained in these patients.

OPEBATIVE PBOCEDURE

The various steps in the operation are more easily shown in the accompanying illus-

trations than by a textual description.

1. The exposure is obtained by Smith-Petersen’s incision with the portion distal to

the anterior superior spine of the ilium curving outward and posteriorly over the lateral

surface of the tensor fasciae latae near its insertion. The upper half of the lateral skin and

muscle flap which includes the anterior portions of the glutaeus medius and glutaeus min-

imus, as well as the origin of the tensor fasciae latae, are stripped subperiosteally from the

lateral surface of the ilium and from the anterior superior iliac spine. The space between

the tensor fasciae latae and the rectus fundus is then found and separated, and the entire

lateral flap, including the previous^ mentioned portions of these muscles, is retracted

laterally. When additional exposure of the medial portion of the hip joint is required, the

iliopsoas may be stripped from the inside of the iliac crest as well as the insertion of the

sartorius, so that these muscles may be retracted medially.

2. Next, in order to expose the trochanteric end of the femur, the distal end of the

tensor fasciae latae is divided transversely in the line of the distal end of the laterally

curving incision. This permits this muscle to be retracted from the underlying upper por-

tion of the vastus lateralis, which covers the upper end of the femoral shaft as far as the

tip of the greater trochanter. The lateral surface of the greater trochanter is now visualized.

3. An incision is next made in the upper lateral portion of the vastus lateralis in the

axis of the femur, and the fibers are stripped subperiosteally, exposing the upper end of

i J. '!

/.XV/ ,1;^. \

\ \v >'

Fig.l: Shows Smith-Petersen’s incision with distal end curving backuaid o\ei in.

^X2fshoisThe distal end of tensor muscle divided and retracted backward, in order to expose

the upper end of the femur.
*
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‘ >“81™!™!)!, in orclei- to detach a fragment of propersize Tins fragment sl.onid be as small as possible in order not to sorionsly reduL
«“

substance of the tioclianter, which must be saved for the construction of the new head anti

“moLTsIiTft
generally proves awkward for later transplantation to the

4 The separation of the trochanteric fragment permits better exposure, and facili-
tates the next step, which is removal of the fragment of the head of the femur The
pscut arthrosis is first identified and divided, which allows the femoral shaft to be cv-
tcrnally rotated, and exposes the distal

surface of the liead fragment. The head
is now identified bj’’ trimming awaj’’

fibrous tissue remaining from the

pseudarthrosis and the remainder of

the anterior capsular ligament. Tlie

removal of the liead fragment is always
difficult, partly because tlie operator

Fig. Fig. 8

Fig. 7; Showt! the reattachmont of the greater trochanter.
Fig. 8; Shows the wound closure and the plasler-of-Paris fixation with hip in abduction.

cannot grasp it properly with an instrument, and also because of the fibrous hypertrophy

of the attached cajisular ligaments. Doubly curved gouges may be introduced between the

articular surfaces to act as levers to dislocate the liead, and they also help to identify

the ligamentous attachments which must be divided. 'With a little patience and care, the

head can. lie freed and removed in its entirety.

5. The next step is the mobilization and remodeling of the upper end of the femoral

shaft. This is best accomplished by seizing the shaft below the greater trochanter, where

the vastus lateralis has been previously stripped away with a llea^y, large-jawed Lane

forceps. AVhile an assistant manipulates the distal portion of the extremity, the upper enc

of the shaft is pulled out of the wound with the forceps, and the posterior short externa

rotator muscles are divided close to their insertion to the femur, including both obtura or

muscles the gemelli, and a part of the quadratus feraoris. The upper end of the femur is

tlius completely mobilized and brought out of the wound. The trochanteric end is tlie^

remodeled with the aid of sharp, doubly-curved gouges, and rounded off

reamer or rasp if necessary, so that it fits smoothly into the selected size o n

or niold.
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Contra-Indications for the Types of Osteotomies which Produce Abduction of the Femur

1. Gross necrosis of the head of the femur;

2. Degenerative arthritis;

3. Complete absorption of the neck of the femur and marked upward displacement

of the shaft;

4. Rigid and painful backs.

Methods of Choice

Transverse intertrochanteric osteotomy, with displacement of the shaft inward be-

neath the head of the femur, is frequently used at the present time. In recent years, I have

done this operation more often than any other. Not all patients have had gpod and pain-

less function, and I do -not know the end results in all cases. The theoretical contra-

indications would be arthritis of the hip, necrosis and softening of the head, and high

displacement of the shaft of the femur. .

...
Arthrodesis of the hip gives stability and freedom from pain. Its disadvantage is the

consequent lack of mobility of the hip joint. The patient- is unable to bend forward to lace

the shoe on the affected extremity. Unless the hip is fused in a position of moderate flexion

of about 30 degrees, there is difficulty in sitting comfortably in a chair, and low-back pain

may develop. Furthermore, the extremity should not be abducted, but should be in the

longitudinal line of the body, enabling the patient to walk better, and preventing ab-

normal lateral strain from beirtg thrown on the lumbar spine.

END RESULTS

Including only those cases which have been under observation for from two to seven-

teen years, solid fusion occurred in 60 per cent, and non-fusion in’ 40 per cent. The patients

whose hips were fused had no disability in standing, in walking, or in doing their usual

work. They considered inability to lace the shoe a slight inconvenience, compared to the

pain and instability which had been present preceding operation.

All of the patients whose hips were not fused were free of pain, and had stable hips.

One has worked as a mail carrier for seventeen years since his operation. He now has 50

degrees of motion in flexion, and about 15 degrees in abduction. There is a negative

Trendelenburg sign. This man has never lost a day at work on account of his hip, and is

still on active duty, walking from thirteen to fourteen miles a day. In such cases the femur
remained in the acetabulum without abduction, because at the time of operation the roof

of the acetabulum was excavated and made dome-shaped, so that the end of the femur
fitted into it, and remained securely in place without abduction.

CONCLUSIONS

1. Arthrodesis is one method to be considered in treating cases of non-union of the
hip. It should also be considered in cases of painful necrosis of the head following union.

2. It should be the method of choice, if it can be determined that there are contra-

indications to other operative procedures.

3. It is the last resort when other operations have failed.

4. In the writer’s experience, bony ankjdosis has occurred in only 60 per cent, of the

patients operated upon, but the remaining 40 per cent, have had stable and useful hips, and
have not complained of pain.

5. Ankylosis of the hip, with the extremity in proper position for wcight-licaring anrl

locomotion, enables the patient to resume an active life, and the absence of motion eon-
stitutes a comparatively slight disability.

REFERENCES
GiLi,. Buver.: Trc.-ifmcul of Fractures of (he Neck of (he Femur. Ann. Surg.. 9G; 1-lG. 1932.
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Fig 9-EFig. 9-D

Roentgenogiams at vaiious stages dining the couise of treatment

Figs. 9-D and 9-E weie made four yeais aftei the arthroplasty. Patient leads a normal life and

lias noimal contiol and motion of the hip.
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some degree of infection (5)

;

and union with late necrosis of the head and secondary

osteo-arthritis (7).

Specific indications for the removal of the head of the femur are to be found in those

conditions where the removal offers the only obvious and reasonable solution of the

pathological problem. Thus non-union with aseptic necrosis of the head (3)

;

non-union

after pinning, with some degree of infection (6 ) ;
and union with late necrosis of the head

and the development of an aseptic sequestrum (8) may all be considered as indications for

removal. Non-union with absorption of the neck is a border-line condition, which may be

treated by osteotomy, but which on the whole is more satisfactorily dealt Avith by the

Whitman operation.

The Technique of the Whitman Operation

The principles were described by AVhitmau in 192N. An anterolateral incision is made

from the anterior superior spine of the ilium doAA'mvard to four inches beloAv the tip of the

greater trochanter, and then extended posterioriy to weh behind the shaft of the femur,

through the fascia lata in this region. The hip-joint capsule is exposed between the tensor

fasciae femoris and the glutaeus medius. The trochanter is defined, and is then osteoto-

mized in line with the neck of the femur. The capsule is opened, and the head of the femur

is removed. The trochanteric fragment is rnobilized, and, after insertion of the neck

fragment into the acetabulum, it is transplanted subperiosteally upon the lateral aspect

of the femur, well below its usual position. A plaster-of-Paris spica is applied Avith the

extremity in abduction.

Postoperative Treatment

The period of splintage in plaster adAUcated by Whitman has been found to be too

long. The trochanter unites readily. The plaster is removed after three weeks, and a

regimen of actWe and passive motion is instituted, together Avith heat and massage. The
patient is allowed to become ambulatory, when he has demonstrated a reasonable degree

of muscular control of the limb, which is ordinarily accomplished in about six weeks.

EA’’ALUATION OF RESULTS

This paper is based upon twenty Whitman operations performed during 1934-1944.

These cases may be grouped as follows:

Non-union with absorption of the neck 14

Non-union after pinning, with some degree of infection

(1 major, 1 minor, both after primary pinnings performed elseAAdiere) 2

Late osteo-arthritis 2

Union with late necrosis of the head and the deA^elopment of an aseptic sequestrum 2

Relief of Pain

One of the principal objects for performing the operation is the relief of pain. Inas-

much as four patients failed to secure such relief, they do not AA'arrant classification as

satisfactoiy results.

Range of Motion

The range of motion obtained in these cases was exceedingly A'ariable. No patient
obtained more than 90 degrees, and the few aa'Iio obtained anything approximating it pre-
sented some degree of instability. Thus one patient who exhibited a range of 90 degrees
(aseptic sequestrum) had complete relief from pain, but had a pronounced limp. The
occasional patient who exhibited the most pronounced degree of restriction of motion
(from 20 to 30 degrees) had the gi-eatest stability, and the greatest relief from pain.
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attached to a vertical frame, so that the patient may flex the liip and knee at frequent

intervals during the day. The patient is also sent to the warm-water pool daily for under-
water exercises, performed with the assistance of a physiotherapist. Active exercises aie

done in bed with the foot supported on a roller skate. The patient is also encouraged to

sit up in a chair.

Weight-bearing is not generally permitted until the end of eight to ten weeks after

operation, and then only witli the assistance of crutches. The crutches are discarded in

favor of a cane only when there is complete absence of pain as well as good muscular contioi

of the hip.

Complications

The chief coznplication that must be guaz'dcd against noth this type of operation is

luxation. This cannot occur when the hip is in abduction, but the stability of the hip de-

creases as the hip is brought down to the neutral position, and there is instability, as

well as risk of dislocation in the position of adduction. This i-isk is greatest during the

first two weeks after the plaster is z-cmoved, and during this time it is well to prevent tlie

hip from assuming an adducted jmsition. This may he accomplished by placing sandbags

at the inner side of the leg, and by instructing the patient as to the posture of the limb

which should be maintained.

Ultimate stability of the hip depends upon the development of cicatricial tissue at

the lateral border of the new joint, and at the end of eight weeks this is generally quite

secure.

Luxation occurred in two of tlze writer’s cases, but was quickly detected and readily

overcome by the simjzle manoeinmc of abducting the hip, in one case with the patient under

an anaesthetic. In both cases it occurred within the first two weeks after the removal of

the^plaster. In spite of this complication, both patients made a good recovery and obtained

good functional results. The reduction was maintained by tlie use of shoz’t plasters applied

^to both legs from the toes to below tlie knees and joined together by a bar to maintain

abduction. They were made reznov-

able so that the hip could be freed

for exercise each day. After treat-

znent by this znethod for periods of

from four to eight weeks, the patients

were allowed to begin rvalking witli

ci’utches. In both cases eventual

stabilization of the hip was aided by

calcification of the soft tissues at the

lateral border of the acetabulum,

which resulted in the formation of a

bony shelf. This suggests the possi-

bility of foz’estalling nature’s method

by implanting a bony shelf at the

time of operation when the hip

seezns uzzusually unstable.

BESTJLTS

It seems unjustifiable to take

the space to report the individual

case histories of the nine patients

with ununited fractures of tlie necv

of the femur upon whom the

tion of trochanteric arthroplasty u a-

THC JOUKN.IL or BOSE AND JOIXT SURGE

Fig. n-A
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TROCHANTERIC ARTHROPLASTY IN THE TREATMENT OF UNUNITED

FRACTURES OF THE NECK OF THE FE^IUR

BY PHILIP D. WILSON, M-Q., NEW YORK, N. Y.

The term troclianteric artliroplasty is used in this article to designate an operation on

the hip in which the head and the neck of the femur arc removed, and the trochanteric end

of the shaft of the femur is reshaped, covered with a vitallium cup or mold, and then

placed in the acetabulum. As a preliminary step, the tip of the greater trochanter is cut

away from the rest of the femur, the attachments of the glutaeus medius and glutaeus

minimus being preserved. This fragment is later transplanted to the shaft of the feinur

distal to the greater trochanter.

This operation is a development of the ideas of Whitman, Colonna, and Smith-

Petersen.

Whitman believed that, in ununited fractures of the neck of the femur, the proximal

fragment was often necrotic from loss of blood supply, and that the chances of securing

bony union bj'’ any surgical procedure were small, and the chances of obtaining satisfactory

function even less. As a solution of the problem, he devised the reconstruction operation,

in which he removed the head fragment and inserted the remnant of the neck of the femur

into the acetabulum. Since the neck was often very short and caused the greater trochanter

to impinge against the lateral border of the acetabulum, he removed the projecting tip

with its attached muscles and reimplantcd this bone fragment more distally on the femoral

shaft, thus prolonging the neck of the femur and preserving the function of the iliofemoral

muscles. He immobilized the hip in a plaster-of-Paris spica for a period of from four to

six weeks with the limb in a position of abduction, and at the end of this time started

exercises and physical therapy.

Colonna later described a reconstruction operation for ununited fractures of the neck

of the femur, in which the head of the femur was removed and the muscle insertions to

the greater trochanter were carefully dissected away, a thin musculotendinous covering

on the bone being preserved. The trochanteric end of the femur was then freed and placed

in the acetabulum. The detached ends of the glutaeus medius and glutaeus minimus were

then gathered together in a strong suture, and fixed to the femoral shaft through drill holes

as far distally as possible. The extremity was fixed in a position of abduction in a plaster-

of-Paris spica for from four to six weeks, after which movement and exercises were begun.

Smith-Petersen’s idea of the mold arthroplasty of the neck of the femur with a vital-

hum cup is too well known to require description, and it seems sufficient to reiterate that

he believed that the mold served a double role,—both as an interposing su])stance to pre-

vent ankylosis and also as a means of obtaining the reconstruction of new articular sur-

faces bj" stimulating the formation of fibrocartilaginous laj^ers on either side of the smooth
metallic surfaces.

Observations of the results of Whitman’s and of Colonna’s operations, not only in the

writer’s own cases but also in those of other surgeons, did not lead to the hajipiest conclu-

sions with respect to the patients’ comfort or function. Yet it was felt that tlieir basic

ideas were sound, and that, in the presence of an ununited fracture, with the head fragment
presenting all the evidence of loss of vitality by rocntgenographic examination, there was
little chance of success for any surgical procedure which had as its objective the retention
of the head and the securing of bony union of the fracture. It seemed possible to combine
their ideas with those of Smith-Petersen, and to perform a trochanteric tyjic of vitallium-
niold arthroplasty, perhaps with improved results. The first of these oi^erations for un-

lunc*'’^ mTc**^*'
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Fig 3 Fic 4

Fig 3 Shows the sphttmg off of the tip of the greatci tiochanter with presen ation of the gluteal-

nuiscle inseitions

Fig 4 Shows the exposuic and lemoial of the head fiagment.

Fig 5 Fig 6

Fig 5 Show^ tlio sfiaping of tlie nppei end of the tiochantei to fit tJie ntalJnim cup
Fig 6 Showt^ the icshapmg of the acetabulum when necessaij-

the femoral shaft With an osteotome the tip of the greater trochanter is now split off, the
plane of the osteotomy coi responding to the sagittal plane of tlie bodju Before the osteot-
omy is pel formed, an effort should be made to define as well as possible the outline of the
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6. Wilh the aid of llu' Lano forceps and abduction of (he liinlj l)y an assistant, the

end of tlie shaft is then )daced in (lie acetalinlnin. I( is important, at tliis point, to test the

stability of the new joint, both with and without the cup in ]dacc. If there is considerable

tendency for the shaft to luxate from the acetabnlinn when the hiji is adducted toward the

neutral position, then the operator should seek to overcome the instability. This is gen-

erally due to one of three causes: first, impingement of tlic sliaft against the inferior and

medial border of the acctalndum, thus providing a fulcrum for dislocation; second, the use

of a vitalUum cup of too large size; or, third, shallowness of the acetabulum. It is neces-

sary to trim away all ligamentous remnants which may have become interposed between

the femoral shaft and the inferior border of tlic acetabulum and, if indicated, a part of the

bony margin as well. If the acetabulum seems too small or too shallow it Avill be necessary

to cirlargc it or deepen it with the aid of doubly curved gouges, large curettes, and the

convex reamers. Care at this stage to ensure maximvm stability of the joint will reap

large dividends later, during the convalescent period.

7. AYhen the previous stejo has been completed, the surgeon places the end of the

femur in the acetabulum with the vitallium cup in place, and maintains it there by abduct-

ing the extremity to whatever degree may be necessary for stability, generally about 45

degrees from the mid-line of the body and in complete extension. An assistant holds the

limb and maintains the position until the wound has been closed and the extremity has

been fixed in plaster. Tbe surgeon then proceeds to the next step, which is the transplanta-

tion of the trochanteric fragment with its attached muscles to the shaft of the femur. The

fragment is seized with a volsellum forceps or tenaculum, pulled distally as far as possible,

and fixed to the femur. Various methods of fixation have been used, including stainless-

steel wire, screws of different types, and nails. In the writer’s opinion, screws are least sat-

isfactory; wire gives good fixation, but the method is tedious and requires patience; while

transfixion with the Stuck nail is the

simplest and most practical procedure.

All methods are subject to error, but

even failure to secure good fixation or

close approximation of the trochan-

teric fragment to the shaft has

seemed to make little difference in

the ultimate result, probably because

the fragment becomes fixed by scar

tissue which develops duj-ing tJie

period of postoperative immobiliza-

tion.

8. There now remains only the

closure of the wound, for which there

is no need of special description, and
the application of the immobilizing

plaster. It will be found that, with

the femur abducted, there is no diffi-

culty in suturing the divided portions

of the tensor fasciae latae and, since

the resulting scar is in the distal end
of the muscle and there has been no
interference with its nerve or blood
supply, this does not affect its later

function, hlaintenancc of the hip in a

position of abduction and extension is

Fin. 9-

A

Ca«c 1. R. G. Condition of left hip in 1939.
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a gait that approximates normal. Not all patients had such good results, but thej'- have
been fiee fiom pain, and are able to walk, and are grateful because their condition has been
improved. Shortening has averaged about three-quarters of an inch.

Trochanteric arthroplasty has two advantages over the usual arthroplasty of the
femoral neck. First, it eliminates the neck of the femur and, for an angular thrust, it

substitutes a direct vertical thrust in the axis of the femur. This simplifies the mechanics
of hip function, and reduces the likelihood of instability due to insufficiency of the ilio-

femoral muscles. Second, there is more abundant blood supply to the trochanter than to

the femoral neck, and hence there is less chance of postoperative absorption of bone, which
is frequently a troublesome feature after arthroplasty of the femoral neck.

These advantages are sufficient to more than counterbalance the single disadvantage,

which is the tendency to instability of the hip in the early postoperative period, and the

necessity of taking certain precautions to guard against luxation. Perhaps eventually we
will find a way to make these hips more stable by the surgical implantation of a bone shelf.

While trochanteric arthroplasty is particularly indicated in the treatment of certain

ununited fractures of the neck, experience shows it is of value in many other pathological

conditions of the hip, especially those accompanied by destruction of the head and neck

of the femur. This includes old fractures of the neck of the femur, in which union has been

obtained, but where necrosis of the femoral head later developed, and old septic arthritis

of the hip, in which there has occurred destruction of the head with luxation of the femur.

DISCUSSION *

Mr. H.arrv Platt, Manchester, England; Tlie few brief i-emarks I sJiall make concern sub-

trochanteric osteotomy, which m}' colleague, McMurray, has practised for many years. Some time ago,

when I knew I was coming to this Meeting, I asked him to gi\'e me tJie latest figures or late results of

subtrochanteric osteotomy. There was great difficulty in tracing all of these cases, so I have taken just

one or two simple facts from a letter which he sent me two daj's before I sailed.

He practises this operation in recent fractures of the neck of the femur, and also in cases with

non-union. In twentj’^-three cases of subtrochanteric osteotomj' performed for recent fractures, bony

union followed in all. McMurraj' makes no mention of remote complications, such as long-delayed

avascular necrosis of tlie head. I feel that these osteotomies probably do pla3’- an important part ;n

preventing avascular necrosis. \

McMurraj'^ wrote that, in more than sixty”^ fractures in rvhich subtrochanteric osteotomy had been

done, he was verj^ satisfied with the results as a whole, but that he had been unable to have tw'o patients

followed.

Mj^ own experience with the operation is much more limited, because I feel that there is no one

standard operation for long-standing non-union. Subtrochanteric osteotomj’^ has its place, and un-

doubtedly other osteotomies affording much more secure fixation also have an important place. As Dr-

Gill has shown, there are manj’^ people suffering from non-union who are better off with an arthrodesis.

I still have great affection for the Whitman reconstruction operation. Subtrochanteric osteotomy is

quite popular with mj^ colleagues in Great Britain. It is a remarkablj’^ simple operation, but it is not

always successful in my hands. It is not easj' to displace the shaft of the femur in the right position.

If there is a failure of union between the shaft and the upper part of the femur, one is left with a femur

that is very difficult to reconstruct and very difficult to arthrodese.

Dr. Carl E. Badgley, Ann Arbor, Michigan : From the standpoint of the audience, I am sure I

express the general feeling when I say how well this Symposium has been presented. To know that 3

cases have been treated in Memphis with 86.5 per cent, having bony union, and aseptic necrosis deiej

oping in 33.6 per cent., and traumatic arthritis in 14.6 per cent., leads us to conclude that, m spite o

excellence of these operations for the correction of fresh fractures, there are permanent comphea i

which we must learn to correct.

Three papers included in this Symposium and mentioned in the Discussion were published m the

SSrop,... PP.
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Fig. 10-A Fig. 10-B

Fig. 10-C Fig. 10-D

Case 2. R. Z. Roentgenograms made at different periods during treatment. Fig. 10-A: Condition
in November 1940. Figs. 10-C and 10-D were made two years after arthroplasty. This patient is

working in domestic service. She carries a cane on the street, but walks without a cane in the house.
She has about two thirds of normal mobility of the hip.

Postoperative Treatment

Depending upon the stability and security of the hip which are determined at the

time of operation and by postoperatii^e roentgenographic examination, the immobilizing
apparatus is removed at the end of from four to six weeks. Since the purpose of this

retentive apparatus is to maintain abduction and to prevent luxation, there is no objection
to freeing the knee joint at a considerably earlier period in order to permit mobilization
and exercises.

Following the removal of the plaster casing, mobilizing exercises of the hip are
started. A sling is placed under the knee and connected to a hand pull by means of pulleys
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LAMINECTOMY AND EORAMINOTOMY WITH CHIP FUSION

Operative Treatment for the Relief of Low-Back Pain and Sciatic Pain
Associated with Spondflolisthesis

BY HENRY BRIGGS, M.D., AND SIDNEA^ KEATS, M.D., EAST ORANGE, NEW JERSEY

From the New Jersey Orthopaedic Hospital and Dispensary, Orange

Forward gliding of the lumbar vertebrae, or “spondylolisthesis”, has long been of

special interest to the orthopaedic surgeon, but only as a congenital anomaly of the spine.

Since the deformity was first recognized in four anatomical specimens and described by

Killian in 1854, the literature has been replete with accurate descriptions of this condition.

Etiological considerations still differ, however. Although most authors are agreed that the

defect is congenital in origin, the pathogenesis of this condition continues to be a subject

of controversy. In recent years, however, greater emphasis has been placed upon calling

attention to the clinical manifestations of this deformity and to measures for the treatment

thereof than upon theories of genesis.

Spondylolisthesis is more than an anatomical curiosity; it is a fairly common cause

of low-back pain, often with sciatic radiation. Caldwell has noted recently that, among

those patients at his clinic with low-back symptoms severe enough to require medical

attention, one out of every ten presented the deformity characteristic of spondylolisthesis.

Meyerding®, too, has called attention to the rather frequent association of protruded inter-

vertebral discs with spondylolisthesis. In our own study of patients with low-back pain

and sciatic pain, we have often seen patients exhibiting this deformity, who, because of

trauma, obesity, or occupational strain, presented disabling backache and pain in the legs.

By the very nature of the deformity, chronicity of symptoms is the rule. The per-

manency of the results following conservative treatment—such as immobilization or

recumbency—has been notoriously poor; and patients with such backs continue to be sus-

ceptible to trauma and not able to carry on routine physical activity. Recently, more

thought has been given to operative measures for the treatment of spondylolisthesis. Since

reduction is not possible, efforts have been directed chiefly at improving the support of the

lumbosacral vertebrae, taking the stretch and strain off muscles and ligaments, and reduc-

ing the possibility of further progi’essive st^uxation. Caldwell and others have noted that

many of these patients fail to obtain complete relief of the backache and leg pain, despite

roentgenographic evidence of solid bony fusion after operation. We have been concerned

for some time with the development of an operative technique which will not only stabilize

the lumbosacral junction, but will afford lasting relief from the disabling symptoms of

backache and leg pain.

To date, the authors have operated upon eighteen patients for the relief of backache

and leg pain associated with spondylolisthesis, utilizing the technique described here. R

determining the criteria for operation, we have paid more heed to the severity of the symp-

toms than to the gi’ades of displacement, as described by Meyerding'^. It is the authors

conviction that, for those patients who must work and whose condition permits, surgma

intervention will afford the most lasting degree of relief from pain and will strengthen

considerably a congenitally weak link in the vertebral column. Nine patients were suD-

iected to a procedure which was essentially that of laminectomy, followed by a chip Rsio

of the involved segments; an additional nine patients, who had pain of sciatic ra ia lo

addition to the low-back pain, were relieved by foraminotomy in combination w

laminectomy and chip fusion.

the johbnae op bone and joint SVBOEBV
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performed. IMivny liad undergone pievious opei jiUoiis el&cwlicic, iind to naiiato the en-

tire history would unduly e.\lend (Ins ailiele and exhaust the patience of the reader It is

hoped, therefore, that a sunnnaiy of the results will sulTice.

Of the nine patients, excellent results weie obtained in four and they aic able to lead

Tig 11-D Fig 11-E

Roentgenogiam-- taken dining (oui>e of tie.ilmcnl
Tig ll-B Fii'-t po-'topeiatnc loentgenogiain -liow- MihluMtion of aip fioin i((t ilnilnm
rig 11-C Show" 1 ei)la(.emonl bv abduction of the hi])
1 igb 11-D and 11-E weio made one leai aftei aithiopla^t) Patient walk" willi "light in"tabil

jD, mid has fiee lange of motion and modeiatc powei of contiol She ii"e" a cane on the stiect
ihe double cortical line of the femiii is due to extensile xanthomatosis of the femui
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bone first, rather than leave it until the end of the operation. Returning to the mid-line
the operator divides the supraspinous ligaments down to the spinous processes; and a
subperiosteal stripping of the spinous processes and laminae is carried out, starting over
the lower sacral segments. Extreme caution must be observed if there is a spina bifida

defect of the sacral segments,—a fairly common anomaly associated with spondylolisthesis.
With bone-cutting forceps, the spinous processes of the exposed sacrum and the fifth lum-
bar vertebra, and part of the spinous processes of the fourth and third lumbar vertebrae,

are removed and broken up into small chips. With a rongeur, the movable portions of the

laminae of the fifth lumbar vertebra are carefully removed from the underlying epidura

tissue. The ligamenta flava between the fourth and fifth lumbar vertebrae and the lumbo-

sacral interval are completely removed. A search for nerve-root impingement is now car-

ried out by exploring the disc, and by probing the course of the nerve roots with catheters

If there is no evidence of root compression, preparations for the fusion are made. The

cartilaginous defect of the pars interarticularis or “isthmus” is thoroughly curetted until

the raw surface of the pedicle stump is encountered. The cartilage of the articular facets

between the fourth and fiftli lumbar segments is then thoroughly curetted or denuded with

a Hibbs rasp. These facets lie just superior to the pedicle stump. The exposed cortices of

the laminae of the fourth lumbar vertebra are turned back to form buttresses for bone

chips. The facets of the sacrum are then curetted and gouged out. The exposed laminae

of the sacrum are denuded of cortical bone. All the chips thus removed are saved for the

fusion. Epidural bleeding is controlled by small packs saturated with soluble thrombin.

Fat or muscle tissue is used to coiner the nerve roots that are exposed on both sides. The

mass of chips accumulated from the stripping of the laminae and the fragmentation of the

spinous processes and those removed from the ilium are now placed laterally on the bony

bed, which extends from the buttresses of the fourth lamina to the sacrum, and over the

dura in the mid-line. The smaller chips are placed on the dura, the larger chips super-

ficially, and occasionally strips of the ilium are used laterally. Muscle and fascia are

sutured with No. 00 chromic catgut; subcutaneous tissue is approximated with the same

material, and the skin is closed with interrupted cotton sutures. A flat bandage of gauze is

placed over the incision and covered with strips of adhesive. During the operation, the

patient is given a continuous intravenous infusion of glucose in saline, and from 500 to

1,000 cubic centimeters of whole blood. After the operation, the patient is placed on a

rather firm bed in the recumbent position; prostigmine methylsulfate, in a strength of 1 to

2,000, is administered intramuscularly every six hours for forty-eight hours to avoid dis-

tressing abdominal distension. The patient is turned onto his abdomen or side several

times a day. This tends to avoid the formation of pressure sores or necrosis of the wound

edges. The wmund is usually inspected at the end of four days, at which time a fresh

dressing replaces the original stiff, blood-soaked dressing. At the end of from ten to

fourteen days the sutures are removed; fresh dressings are applied; and a leather-covered

steel support is fitted to the lower part of the back, which the patient wears while re-

cumbent in bed. At the end of five or six weeks, the patient is permitted to get up, wearing

the support. He is advised to continue to w^ear it for at least six months after the operation,

and is cautioned to avoid stooping, heavy lifting, and vigorous physical activity during

this period. Most patients are able to resume their usual occupations in from six months

to a year after operation. .

The second arbitrary group of patients includes those who had a history of leg P‘
^

associated with the backache. Severe pain in the legs in this group of patients, who have

the recognized deformity of spondylolisthesis, is indicative of nerve-root
j

whether it be attributable to a pathological intervertebral disc or to soft-tissue and I

^

pressure on stretched nerve roots. In the absence of direct pressure on- the ^

Lrniated disc, a thorough exploration of the intervertebral foramina is

laminectomy alone, our experience has proved, is not adequate to relieve the p]
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Fig. 13-A ' Fig. 13-B

Case 5, L. S. Palicnt, aged twenty-two, with old ununited fracture of the neck of the femur. It is

now seven montlis since the operation. The patient has been manied, and is canying on full

domestic duties.

normal lives. Of these, one has practically normal hip function and walks without a cane,

while the others have only slightly less satisfactory results. Two are married and perform

all their domestic duties, while the other two are working at jobs which require them not

only to get to and from work by means of public transportation, but to be on their feet a

large part of the day.

The results in two of the patients are graded as good. One of these is a woman of

sixty-five with a long history of vague articular disability preceding the fracture of her

hip. She also had extensive xanthomatous changes in the bones of her lower extremities,

A'erified by the pathologist of the hospital after examination of the bone tissue removed
at operation. She has excellent function of the hip without pain, but walks with crutches

when outside her apartment.

The other patient, also a woman, aged sixty-two, before seeking relief, had endured
the crippling effects of an ununited fracture of the neck of the femur for twenty-five years,

but with increasing pain and disability. As a result of operation, she has obtained relief

from pain and improved stability. She has limited mobility of her hip, but has been able to
return to work in domestic service.

One patient, a man, aged fifty-one, sustained a fracture of the neck of the femur
during military duty in August 1944. The fracture was reduced and nailed elsewhere
with a resulting postoperative infection. The nail was later removed, but a draining sinus
persisted for about one year. He presented himself in November 1945, walking with
crutches, with a displaced ununited fracture and the head ankylosed in the acetabulum
Trochanteric arthroplasty was performed on November 8, 1945, and, in spite of penicillin
therapy, a low-grade postoperative infection developed. The metallic foreign material
was removed February 21, 1946, following Avhich bis wound slowly healed. IVhen last seen
on September 8, 1946, his wound had healed, and he was walking with a cane, without pain!
There was limited mobility of his hio with about 30 dem-ees of fleyion, 15 de^ees of abduc-
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Case 5. J. S., a glass grinder, had an uneventful postoperative course and was discharged from tiie

Hospital on an ambulatory basis, wearing a low-back brace. The patient was not conscientious in his
follow-up visits, but when last heard from he had no discomfort in the lower part of his back.

Case 6. A. G. was seen forty-four months after operation. At that time she was doing her house-
work without pain and had long since discarded her back support.

Case 7. J. S., a mason, was examined forty-six months after operation. He stated that he had been
working ten or twelve hours dailj^ as a bartender, and in his spare time worked as a mason. He had no
pain in the lower part of his back, but did notice an occasional cramp in the back of the legs. He no
longer wore his brace.

Case 8. G. G., a thirteen-3'ear-old schoolgirl, was relieved of her backache for six months after a

laminectomy and chip fusion. At the end of that time, she began to suffer pain of left sciatic radiation.

A foraminotomj'^ of the fifth lumbar intervertebral foramen was subsequentlj'^ performed, with a revision

of the fusion on the left side. The patient was able to leave the Hospital without symptoms, on the

fourteenth day after operation, without low-back support. When examined, six weeks later, she was

back in school and had no discomfort in the back or legs.

Case 9. J. P., when seen six months after the operation, was feeling well. He had no pain and was

read3’’ to discard his brace and return to work.

The second group of patients—those with excruciating leg pain as well as backache—

were relieved by a technique consisting of foraminotomy for the relief of nerve-root oppres-

sion, as well as laminectomy and chip fusion. The results in these cases 3vere as follows;

Case 10. C. A., a 3'oung housewife, who had had “double subhixation” and severe right sciatic pain

before operation, was examined tivent3'-one months after the opeiation. She stated that she had been

Fig. 1

Fig 1- Case 11. S. A., aged thiity-four, presented a two-year history of bac^hc a^^^

leg pam of sciatic distiibution after he experienced a severe wi ench

crane. Roentgenograms shoived the typica P® le

sacrum The degree of displacement was

out fifth tabt ^Sar'PdTc'hip fi^sio^^^^^^^^^^ by cancellous bone from the iliac ores

^
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tion, and an equal anuninl of addiielion. The roenlgcnograpliic examination showed good

stahility with a good joint sjiaee, and there seemed to be an excellent prospect that the

motion would increase. Tlie patient was pleased with the improvement over his preoperative

condition, but the result is graded as fair.

There were two bad results. The first was in a nian of elderly appearance, fifty-one

years old, who consulted the writei' in February 1943, two months after su-staining-a frac-

ture of the neck of the femur and a com])rcssion fracture of the second lumbar vertebra,

when he was shocked and thrown to the ground while working on a high-voltage electric

line in Trinidad. The fracture of his hij) was reduced elsewhere and fixed by the insertion

of four Kirschner wires. Upon arrival at the Hospital for Special Surgery, the roentgeno-

graphic examination showed malposition of the fracture, with one wire penetrating the

acetabulum and passing far into the pelvis. On February 27, 1943, operation was per-

formed, with removal of the wires, realignment of the fracture, and fixation with a Smith-

Petersen nail and a boiic graft. The vertebral fracture was immobilized in a plaster jacket

applied in hyperextension. The roentgcnographic examination on March 11, 1944, showed

non-union of the fractured hip with necrosis of the head fragment. Trochanteric arthro-

plasty was performed on IMay 6, 1944. No complication occurred, but satisfactory mobility

of the hip never developed, in spite of excellent appearance in the roentgenogram. Subse-

quently, on January 28, 1946, because of limited mobility and persistent abduction de-

formity with pain, another operation was done, with remoAml of the cup and a fusion with

nail fixation. From this procedure he obtained a good result.

The second poor result was in a woman of over seventy, who, for nineteen years prior

to injury of her hip, had suffered from rheumatoid arthritis with chief involvement of her

hands, feet, and knees. Nevertheless, she had been able to get about and be independent.

In January 1943, she fell out of bed during an attack of pneumonia, and fractured the left

hip. She was operated upon elsewhere, and the fracture w'as reduced and fixed with a nail.

Non-union developed, with marked absorption of the fragments of the neck. In spite of

her various disabilities, which included hypertension and an enlarged heart, she demanded
to be operated upon in order to get back on her feet. She was considered a poor operative

risk, but, in response to her pleas and those of her physician, the operation of trochanteric

arthroplasty was reluctantly undertaken on February 11, 1944. She survived the opera-

tion, but the postoperative course was stormy, with coronary thrombosis and extensive

cardiac infarction and collapse. It was necessary to remove the plaster-of-Paris spica,

with resulting luxation of the hip for which nothing could be done. She was discharged

from the hospital in a wheel chair some four months later, and she died shortly afterward.

A summary of these nine cases, therefore, shows the results excellent in four, good
in two, fair in one, and poor in two. Of the two poor results, one patient obtained a good
result by hip fusion and the other died from fiAve to six months after operation. SeAven-of

the patients Avere Avomen and tAVo Avere men. The ages of the patients ranged from twenty-
tAvo to oAver seA^enty years, but most were betAveen fiftjv and sixty j^ears.

DISCUSSION
t

It should be made clear that the writer is not proposing trochanteric arthroplasty as
the proper method of treating all ununited fractures of the neck of the femur.. Excellent
results have been obtained bjv bone-grafting procedures in some cases, and in others by the
Avarious methods of upper femoral osteotomy; but these methods are doomed to failure in
cases where there is clear evidence of necrosis of the femoral head, or Avhen there has been
extensive absorption of the neck. In such cases, improAvement can be obtained only by
removing the head fragment, and then performing either a fusion or an arthroplasty of
the Whitman or trochanteric types.

Of the joint reconstruction operations, the writer has found that trochanteric arthro-
plasty has given the best results. The patients with the best results are able to Avalk with
AOI,. 29. XO. 2. MMUL 1947
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stretching of the nerve roots, on pressure of the roots by unattached posterior elements of

the defect and soft tissue, or on a combination of both. We have noted on three occasions,

however, in explorations of the foramina, that, upon unroofing the intervertebral foram-
ina, the liberated roots seemed to bulge out and expand, and appeared to take a more
direct route peripherally. It may well be that the roots are angulated and compressed
over the posterior rim of the body of the first sacral segment. At any rate, complete relief

of pain was aecomplished by foraminotomy. Surgical fusion alone will not relieve sciatic

pain. We are of the opinion, then, that relief of sciatic pain in spondylolisthesis can be

satisfactorily obtained by laminectomy and intervertebral foraminotomy in conjunction

with a modified ehip fusion. A broad analysis of the cases presented leads us to believe

that, by the operative technique in the treatment of spondylolisthesis described here, the

following results can be obtained;

1. Relief of backache and pain of sciatic radiation.

2. Stabilization of a congenitally weak and troublesome link in the vertebral column.

3. Rehabilitation of these patients to the point where they can follow their occupa-

tional endeavors,—^manual or sedentary.

4. Elimination of permanent cumbersome braces.

There is, too, every indication to believe, after months of follow-up study, that per-

manent good results can be achieved.

CONCLUSIONS

Backache and severe leg pain, associated with spondylolisthesis, can be relieved by

surgical methods, as shown by the eighteen cases presented. The technique of operation

is concerned with two principal problems: first, stabilization of the weak link in the spinal

column to relieve tension and strain on the associated muscles and ligaments and to pre-

v^ent further progression of the subluxation
;
and, second, relief of the nerve-root oppression

responsible for the sciatic pain. Nerve-root pressure was accounted for by a protruded

intervertebral disc in only one of the nine cases of sciatica
;
the remaining eight patients

were relieved of pain when the involved intervertebral foramina were unroofed. The

operative technique which appears to offer the greatest permanent benefit and the most

dramatic relief of pain is a combination of laminectomy, intervertebral foraminotomy,

and chip fusion.
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When I heard Dr. Sherman give her reiiort on the palhological changes, I could not lielp but feel

how important it is to understand the clinical pathology demonstrating the lesion.

I think the problem consists of two factors; one of non-union, and one of degenerative changes.

We have two approaches; we have correction where the fault lies, and we have the possibility of produc-

ing another strain to correct tliat, fault. My ])hilo.<oiihy of the treatment in the past has been that I do

not wish to produce another strain. My idan has been to correct the lesion at its jioint of occurrence.

We have attempted to obtain imion in ununited fractures with a bone graft. I know little about

osteotomy, but I am amazed at the excellent results. 1 can recall Naughton Dunn saying in Chicago;

“Why worry if I break a hip in America?” He went on to say that if he had a fresh fracture, he would

let Smith-Petersen nail it, or ho could have Goldthwait treat it.

Dr. Paul C. Colonna, PiiiLADKLmiiA, Pennsylvania; I a.s.sume I was asked by your Chairman to

take part in this discussion bec.ause of a trochanteric reconstruction operation that I originally presented

as my thesis to this Association in 1935.

As we have heard today, there are a number of surgical procedures that have been devised and

which are available for dealing with the problem of ununited fracture of the neck of the femur. It would

be wise to be familiar with the indications and contra-indications for each. To approach a decision

regarding the type of operation to be selected for the individual case, one must first decide whether the

head fragment can be saved, or whether the degree of asejitic necrosis requires its removal. My remarks

will be restricted to the type of case in which removal of the head fragment is regarded as necessary.

In March 1931, I did my first trochanteric reconstruction operation at Bellevue Hospital, and the

results in this first patient were carefully examined for over a year before it was repeated on another

patient in August 1932. To dale, I have repeated the operation on over thirty patients, and a report on

121 of these operations performed by different surgeons throughout the country was published in

The Journal oj Bone and Joint Surgcrij, July 1939. It was and still is recommended for those cases with

frank non-union, marked aseptic necrosis of the head, and shortening of the extremity. The operation

removes the necrotic head fragment, and places the greater trochanter of the femur deep into the

acetabulum, after all of the neck fragment has been chiseled off. Stability is further assured by trans-

planting the abductors downward into a prepared trough on the lateral surface of the shaft. The opera-

tion intentionally ai-oids chiseling off the greater trochanter. It thereby produces a lengthening of an

already shortened extremity. If the transplanted abductors are firmly anchored into the shaft of the

femur, and adduction is guarded against bj' the simple expedient of keeping a hard pillow between the

legs for the first few weeks after the plaster has been removed, any tendency to dislocation of the

greater trochanter will be avoided.

Therefore, the aim of this reconstruction operation has been; first, to convert an unstable hip into

a stable one, and to produce a direct weight thrust when the patient is bearing weight; second, to obtain

free mobility. This is obtained by preventing a fresh bony surface from being exposed to the cartilage

of the acetabulum, as in the Whitman operation. The third object is to add length to an already

shortened extremity.

Dr. Smith-Petersen has kindly called his operation a “modification of the trochanteric reconstruc-

tion” operation, and it seems to me that any procedure which ensures added length possesses a very
desirable feature. I hope he will pardon my failure to see the necessity for introducing a cup, if there is

absorption of the neck and necrosis of the head. It seems to me unnecessary, when one has a fibro-

muscular covering of tissue over the area of the greater trochanter which fits against good articular

cartilage of the acetabulum. In the procedure which I have been following, the approximation of these

two structures of nature has certainly produced an excellent range of motion with stability. However,
if there is a marked arthritis involving the joint space, I would prefer either the procedure described by
Dr. Smith-Petersen this morning or an arthrodesis.

Dr. Wilson has written me that his operation is similar to mine “but different”. I would agree to
this distinction. After hearing his paper and seeing the slides, I would feel that his is rather a Whitman
operation, with the introduction of a cup over the cut surface of the femur. I consider stability to be
essential in any weight-bearing joint; but, in addition, I believe a wide range of controlled movement
and lengthening of an already shortened extremity are also very desirable and much-to-be-sought-after
features.

Dr. H.arold B. Bovd, Memphis, Tennessee; Dr. Harris has suggested that the presence of the
Smith-Petersen nail may cause the triangular area of aseptic necrosis. The nail may be a contributing
cause, but, in our opinion, it cannot be the sole cause. We have seen similar triangular areas of aseptic
necrosis in the head of the femur following impacted fractures, in which union has been obtained without
internal fixation, and following dislocations of the hip in which no fracture occurred.

In our experience, bone-grafting of the neck of the femur has not shown any definite proof that the
part stimulated revascularization of the head of the femur. Sometimes, in the patient who appeared to
have a living femoral head at the time of the bone graft, aseptic necrosis in the head later developed.

{Continued on page 3dS)
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TABLE I

Specifications for 18-8 SMo* for Plates and Screws

Metal Per Cent.

Chromium 17 to 20

Nickel 10 to 14

Molybdenum 2 to 4

Manganese Not more than 2

Silicon Not more than 0.75

Carbon Not more than 0.08

Phosphorus Not more than 0.03

Sulphur Not more than 0.03

Iron Remainder

* For use in plates and screws, it must be cold-worked to a Rockwell hardness between C-30 and C-35.

defective items have been produced, and the following deficiencies in physical charac-

teristics and design have been observed:

DEFICIENCIES NOTED IN PLATES

1. Improper Design of Plate: The mid-section of the commercial Sherman plate is

one of the narrowest parts and the weakest part of the plate, whereas it should be the

strongest. Furthermore, this mid-section is so long in proportion to its cross-section area

that it renders the plate too flexible for rigid fixation of the bone, in spite of proper opera-

tive technique and firm fixation of tlie screws. Many plates, bent or broken in the mid-

section, have had to be removed from patients in both military and civilian practice. In

this respect, it should be noted that the original patent (1914) of the Sherman plate pro-

vided for a thicker as well as a wider mid-section than was subsequently adopted, al-

though there is no apparent reason for the change to the weaker design. The catenoid

design, found in the Sherman plate, provides for more uniform bending than in the case

of a plate which is straight throughout, since the straight plate tends to bend more sharply

at the screw holes.

2. Variahle Hardness in the Metal: The hardness has varied, especially among

manufacturers, from Rockwell B-80 to C-35t- The former, softer metal is not rigid enough

to meet requirements. In so far as possible, the hardness should be uniform, since a varia-

tion in hardness has had the same effect as variable composition in producing electro-

chemical reactions. In some corroded plates and screws examined at the National Bureau

of Standards, the corrosion occurred between soft screws and hard plates, both of satis-

factory chemical composition. Therefore, a uniform hardness of Rockwell C-30 to C-35

has been adopted for the finished plates and screws.

3. Improper Manufacturing and Inspection: This includes improper curvature oi

the plate, wrong shape of countersink so that the screw head does not fit the ho e in

plate, and variable-sized holes.

DEFICIENCIES NOTED IN SCREWS

1. Examination by the National Bureau of Standards of more than 600 screws,

obtained from several manufacturers, revealed marked variations, as follows.

(a) Major diameter of screw

(b) Depth of thread

(c) Width of thread crest

(d) Width of space root of thread

(e) Boot diameter

0.132 to 0.148 inch

0.015 to 0.028 inch

0.003 to 0.009 inch

0.002 to 0.029 inch

0.086 to 0.108 inch

The comhimtion ot variable-sized sews and variable-sized

J
resulted m screws which would pass through some, but not all, holes the s

with the strength of the material.
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ANALYSIS OF CLINICAL DATA

Eight patients were women and ten were men. Their ages varied from thirteen to

fifty-three years. In the youngest patient, the symptoms developed at the age of eleven.

Three patients were under twenty, five were in their twenties, four in their thirties, five in

their forties, and one was over fifty. Nine patients were employed in occupations entailing

vigorous physical activity; one patient was a housewife and another an office worker.

Pain in the lower back was the outstanding complaint in all cases. Pain in the legs

was described as severe in nine patients. Of those nine, pain in both legs was noted in only

two cases, down the right leg in four, and in the left leg in three. Pain in the coccygeal

area was present in three patients. The duration of pain before operation was less than

one year in five cases, from one to four years in nine patients, and from five to ten years

in two patients; two patients had had pain for as long as fifteen years. A definite, sudden

onset of pain—usually due to a fall or to heavy lifting—was noted in eight patients; no

direct attributable cause was known in ten. The pain was almost always described as

periodic, rather than constant. Accentuation or precipitation of the pain by coughing,

sneezing, or straining was noted only in two patients. Four patients had worn braces with

relief of the low-back pain but not of the leg pain; this relief was only temporary.

The knee-jerk or ankle-jerk response was diminished or absent in four cases. Numb-
ness in the extremities was noted in five patients.

The location of the spondylolisthesis was between the fifth lumbar vertebra and the

sacrum in fourteen cases, and between the fourth and fifth lumbar vertebrae in one case

;

a “double” subluxation—fourth lumbar on fifth lumbar vertebra and fifth lumbar vertebra

on the sacrum—was noted in two cases; and a forward gliding of a lumbarized first sacral

segment on the second sacral vertebra was present in one case. An associated spina bifida

defect in the sacrum was present in four of the patients.

OPERATIVE TECHNIQUE

The authors have approached the operative relief of low-back pain and sciatic pain,

associated with spondylolisthesis, with the object of determining the cause of both the

backache and the radiating pain. They have come to believe that it is necessary to examine
the intervertebral disc and the nerve roots in this exploration. To explore the disc ade-

quately a hemilaminectomy, or preferably a complete laminectomy of the loose laminae,

is indicated. To explore the nerve roots, not only must the loose laminae be excised, but
the inferior facet, usually the first sacral facet, and some of the contiguous pedicle must
be removed. In other words, the intervertebr^"foramen must be completely unroofed by
a foraminotomy, as described by Briggs and Krause. Following such an exploration, a

fusion is necessary. A chip fusion, as described, by Briggs and Milligan, has proved com-
pletely satisfactory.

The cases have been arbitrarity divided into two groups for purposes of presentation.

The first group comprises those patients who presented no history of leg pain, and at

operation showed no evidence of root pressure. The operation thus consisted of a lami-
nectomy of the unfused laminae, followed by a modified chip fusion. The technique of

this operation is as follows:

With the patient in a prone position, supported by sandbags under both ilia so that
the abdomen is not compressed, pentothal sodium and nitrous oxide with oxygen are ad-
ministered as an anaesthetic. The use of the sandbags prevents increased intra-abdominal
pressure and markedty reduces the epidural bleeding. A longitudinal incision is made over
the spinous processes, from the third lumbar A'ertebra to the mid-sacrum. A right-angle
ificision also is made, to expose the crest of the ilium. The iliac crest is denuded sub-
periosteally, a section of the crest is removed, and a quantity of chips gouged out. These
are saved for later use in the fusion. Experience indicates that it is wiser to prepare this
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D H

MAX. 0.152 0.015

MIN. 0.147 0.010

Details of modified Sherman plate with wide mid-section. The dimensions apply to Plate B,

Table II. Note that the countersink has the same angle (SO to S2 degrees) as the screw head

in Fig. 2.

is seldom done in bone surgen,*, because pretapping adds one additional step to the insertion

of eacli screw. If the drill point is too large in relation to the root diameter, the threads

will be shallow and the holding power will be decreased proportionately. It is apparent,

therefore, that the optimum diameter of the drill point is constant for a screw of a

certain size.

In order to correct the above deficiencies, a drill point has been made of 13-o Sx o—

the same material, but slightly harder than the plates and screws ^with a diameter o

0.110 inch (No. 351 ,
which is considered the optimum size for the screw in question (Fig-

3. B). This drill point can be bent, but is unbreakable. The length is distinctive, so tlia

it will not be confused with other drill points of appro.vimately the same size. The spira

is long enough to permit drilling the cortex, and yet not long enough to enlarge the hole m

the proximal cortex as the distal cortex is drilled. The relief, or small ledge, oun

standard drill flutes is also omitted in this drill point.

XBW PL.vrES

In order to simplify the manufacture and supply of plates, six sizes ha^e been adop

since these include all the essential lengths previously provided in eleven sizes

The desigir of the Sherman plate has been modified (Fig. 1) by increasing^
l.Ln,re in-

the mid-section to the maximum width of the plate at the screw lo es.

^innroxi-

creasesthe strength and rigidity of this section, which spans the fracture bj ‘1

1

matelv two and one-half times that of the former plate of t le same com

hardness. Comparison of the bending moment of the
..editions,

in favor of the new plate, in producing a deflection of 0 010 me -

qincp the nhv'ical properties of this metal are constant, the strong
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of the roots. Therefore, iir these patients the operation has consisted of a laminectomy,

intervertebral foraminotomy, and surgical fusion. The foraminotomy is performed on the

side of the sciatic pain; in patients with pain in both legs, a bilateral foraminotomy is

performed. Of the nine cases in which intervertebral foraminotomy was performed, four

operations were bilateral, two were on the right, and three on the left side. The operative

technique is well illustrated by the following case:

F. G., a white female factory worker, aged twenty-two, came to the Clinic for relief of a disabling

backache of twelve years’ duration. Following a fall while roller-skating eight months previously, the

backache had become more persistent and pain radiated into both buttocks. There was frequent numb-

ness in both feet, and coughing initiated stabbing pains in both buttocks. Examination revealed increased

lumbar lordosis and undue prominence of the fifth lumbar spine, which was tender to digital pressure.

The patellar and tendo calcaneus reflexes were normal. There were no changes in perception to pinprick

or to a light touch. There was some atrophy of the loft calf. Anteroposterior and lateral roentgenograms

disclosed a defect in the neural arch of the fifth lumbar vertebra, diminished transverse diameter and

posterior wedging of the vertebra, and forward displacement of the fifth lumbar vertebra on the sacrum.

A diagnosis of spondylolisthesis was evident. Because of the long history of backache, and the severity

of the pain, which had disabled the patient so that she had been unable to work for several months, an

operation was recommended.

Through the customary mid-line incision, the laminae of the fourth and fifth lumbar vertebrae and

the sacrum were exposed in the usual manner. The lamina of the fifth lumbar vertebra was no’ticeably

loose, and was not fused with its pedicle. This lamina was split in the mid-line and completely removed

bj'’ carefully reflecting the epidural tissue from its surface. A thorough examination was then made for

the oppressing medium causing the sciatic pain, by probing the course of the nerve roots. There was no

evidence of anj' pressure by a pathological intervertebral disc. The first sacral nerve root was explored

as it passed through its foramina; these channels were definitely narrowed in caliber. The left root

appeared to be angulated and compressed over the posterior aspect of the body of the first sacral segment.

The roof of this foramen was carefully removed with a sharp osteotome and curette, whereupon the

nerve root seemed to bulge out and expand. The pedicle and the facet were then thoroughly curetted

and gouged out. On the right side, a similar unroofing of the foramen was accomplished, and the superior

rim of the bony border of the sacral foramen was removed. The nerve root then appeared to be taking

a more direct route outward. The exposed roots were covered with fat, and a chip fusion was performed
in the routine manner, care being exerted to cover the area of the exposed dura and roots with rather

small, flat bone chips. Convalescence was uneventful, and the patient followed the usual postoperative

routine. She was discharged from the Hospital on the forty-third day after operation, symptom-free,
wearing a low-back support. The patient returned to her factoiy work seven months after the operation.

She has been followed in the Clinic at three-month intervals for two years since the operation, has
remained symptom free, and has been able to continue her usual occupational activities.

BESXJLTS

All of the patients in the series have been followed for periods ranging from three
months to sixty-six months after operation. These patients have been examined regularly
at short intervals during this time by the senior author. Certain definite conclusions can
be drawn from an analysis of each individual patient as he returned to normal routine
activities after the operation.

In the first group of patients—those who presented uncomplicated low-back' pain and
who were subjected to a technique of laminectomy followed by a chip fusion—^the results
were as follows:

Case 1 . H. B., a factoiy foreman, who had had pain in his back for ten 3'ears before operation, was
last seen sixty-six months after the operation. He stated that his pain had been entirelj’' relieved, that
he was working without a brace, and that he felt very pleased with the result obtained.

Case 2. J. G., a practical nurse, was last examined eighteen months after operation, and at that time
she repoited a complete ab.sence of pain in the lower part of the back; she did have a feeling of weaknessm the left leg, however. She had found steady emploj'mcnt as a nurse, and had discarded her back
support several months before.

Case 3. .T. S.. a factoiy worker, when last interviewed forU’-four months after operation, was em-
lilo.ved in a factoiy, lifting hoa\y cans, and had no pain of an.v consequence.

C.ASB 4. p. p., who was examined fortj'-three months after operation, stated that she wn= able to do
icr lousework ^\ithout pain and without benefit of a low-back support.

VOL. 2D, NO. 2, ArniL 1047
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Fig. 3

Shows equipment for application of plates and sciei\s.

A- Drill guide for proper centering of hole in lela
2

. B: Drill ot proper siae for
to te’ used

C: Drill elijlrtly larger than
"„t

in proximal cortex when the thieads ao noi b &

D : Screw driver for the cruciate head.
fUe screw head,

of thread for fixation. The value of flute

f
essential for proper thread cutting.

/“f f7if o„usually thick cortex is
J"
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able to do all of her hea\T housework without pain in the back or legs, and had long since discarded

her support.

Case 11. S. A., a house painter, was subjected to a bilateral foraminotomy, followed by fusion.

When seen, four months later, he was entirely relieved of the pain in the back and legs, but had occa-

sional feelings of weakness and vertigo. He was still wearing his brace.

Case 12. W. B., a carpenter, who had had a bilateral foraminotomy, was last seen thirteen months

after the operation. He reported that he was able to do a full day’s work without pain, and that he had

discarded his brace.

Case 13. E. E., a laborer, was relieved of pain by a bilateral foraminotomy. He has not been fol-

lowed regularlj% but when last heard from, some months after the operation, he was back at work.

Case 14. C. G. was subjected to a foraminotomy and fusion of the left fifth lumbar vertebra. Al-

though his leg pain was relieved, he had persistent low-back pain. Roentgenograms showed an incom-

plete fusion with pseudarthrosis between the fourth and fifth lumbar vertebrae. A revision of the graft

was performed, and the patient was soon able to return to work and was free of pain.

Case 15. F. W., a clerk, fort3f-seven 3'ears old, was relieved of her leg pain by excision of a protrud-

ing fifth lumbar disc and a partial foraminotom3'^. Because of the patient’s poor condition during the

operation, it was not possible to do an adequate fusion. She has been relieved of her leg pain, however,

and is scheduled to return for a fusion of the involved segments.

Case 16. G. N., a mason, who had suffered from backache for fifteen years and presented a “double

subluxation” of the bodies of the lumbar vertebrae, had a foraminotomy at both the fourth and fifth

lumbar foramina on the left side, followed b3'^ fusion. He has not had a recurrence of the disabling leg

pain or backache in the eleven months since the operation.

Case 17. E. W., a sixteen-year-old schoolgirl, presented an unusual deformity. Roentgenograms

revealed a complete subluxation of the fifth lumbar vertebra, with the body of this vertebra reposed

anterior to the sacrum. The patient had suffered from severe backaches for two years, and had excruciat-

ing pain of right sciatic radiation. A foraminotomy was performed and the first sacral nerve root was

decompressed. A fusion was not performed at the time, because of the patient’s poor condition. She had
some difficulty with bladder control after the operation, but has had complete relief of the backache and
leg pain. She was discharged six weeks after the. operation without pain and wearing no brace. When
examined three months after the operation, the patient was asymptomatic, bladder control had returned,

and she was attending school regularly.

Case 18. F. G., a young factory worker, presented severe bilateral leg pain of sciatic radiation. She
was subjected to a bilateral foraminotomy and fusion. When seen thirteen months after the operation,

she complained of onl3'’ occasional backache. The leg pain had been entirely relieved, and she was
working regularly.

DISCUSSION

The relief,' by operative measures, of backache and sciatic pain associated with
spondylolisthesis poses several interesting problems. Although there have been no aceurate
descriptions of the mechanism of the backache connected with this deformity, most ob-
servers are satisfied that the instability of the involved vertebral segments is the basic
factor behind the associated low-back pain. It is generally accepted that immobilization
of these segments by a surgical fusion is essential for the relief of the pain; and many such
methods of fusion, through both anterior and posterior approaches, have been proposed.
A modified chip fusion, as described by the senior author, the iliac crests being used to
augment the mass of bone when necessary, has proved a most satisfactory procedure. By
careful application of the bone chips to the prepared pedicle base, a firm anchor 'to the
anterior segments of the defect is obtained. In addition, a large quantity of bone chips can
be placed over the exposed dura and nerve roots with relative impunity, if they are first

covered with muscle or fat.

The mechanism of the leg pain associated with spond3’'lolisthesis is not clear. Pressure
on nerve roots b}’’ protrusion of intervertebral discs as a cause of sciatic pain must be
recognized. In only one of the nine patients presenting severe leg pain was the finding
made of clear-cut oppression of a root by a protruding inteiwertebral disc. In the remain-
ing cases, definite pathological changes in the intervertebral foramina probably accounted
for the leg pam. We are not in a position as jei. to place the guilt definitely either on a
VOL. 29, NO. 2, APRIL 1347
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Fig. 6 Fig. 7

Fig. 6: The succeeding illustrations weie piepared with the use of a specimen of diied beef
bone, measuiing nearly one-half inch in thickness, to show details of screw fixation. In this
illustration the tip of the sciew, pioperly centered in the drill hole, is shown emerging from the
bone. {Negative No. 98151, Army Institute oj Pathology.)

Fig. 7 : The tip of the screw, improperly centered, is shown emerging from the bone at an
angle. Note that the screw does not engage the bone on one side, while it is breaking the bone
away on the opposite side, where it is forced too deep beyond the drill hole. {Negative No.
98150, Army Institute of Pathology.)

tend to tap and seat itself in line with the drill hole, and will not be forced out of line, as

happens with angulation of a rigid screw-holding driver.

An optional feature, known as the pilot point, has been provided in the screws. The
distal two or two and one-half threads are reduced to the size of a No. 35 drill (0.110 inch),

or the exact size of the hole in the bone. This has the advantage of permitting the placc-

I
ment of the screw in the bone without a holding device, in preparation for its further

insertion. It has the further advantage of starting the screw in the proper direction, so

that it will follow the center of the proximal hole and hit the center of the hole in the

distal cortex. This avoids the common error of hitting the distal hole eccentrically and

thereby forcing the screw into line under pressure, with resulting strain and damage to tlie

threads (Figs. 5, A and B, and 11) . In the pilot point the reduced threads do not, of course,

engage the bone; and this length of the screw is not effective, except as the point may help

stabilize the screw where it passes into, but not through, the distal cortex. Where the distal

cortex is completely engaged by the threaded portion of the screw, the point must project

beyond the cortex approximately one-sixteenth of an inch farther than with the conven-

tional screw; and allowance must be made for this extra length in the selection of a screw.

If the length of screw is accurately determined by a depth gauge, the advantages of the

pilot point more than compensate for this slight additional length. However, fixation,

such as that illustrated in Figure 5, C, is entirely adequate. Incidentally, the difference

between the diameter of the full thread and the reduced thread on the pilot point is the

depth of thread engaged in the bone (Figs. 10 and 12).

TABLE III

Report of Twelve Army Hospitals ok the Use of the Nev -Type Steel Screw

Questions Included Yes
Indifferent

or No Reply No

Is the Cl uciate slotted head suitable and efficient?

Does the self-tapping propert}' of the screw make it superioi to the standaidr

Is the pilot point adequate and of sufficient fengtfi?

Is the No. 35 diill adequate and superior to the No. 32 dnll’

Is the cruciate screw driver adequate and efficient?

Is the centering device necessarj' and desirable.

12

8
10
11

11

6

4

1

1

1

6*

* Because of lack of complete technical information on the use of this deuce, the=e liospitaL di

not report.



FIXATION OF BONES BY PLATES AND SCREWS

BY LEONARD T. RETERSOn’', M.D., WASHINGTON, D. C.

Internal fixation of bones by plates and screws depends for its success upon suitable

materials and proper operative technique. During World War II, the Office of The Surgeon

General endeavored to have improved hone plates and screws developed. In this endeavor,

a number of individuals and agencies played a part, notably the National Bureau of

Standards, whose scientists conducted extensive experiments on the strength and quality

of materials and on the holding power of screws in bone. They examined and tested over

twenty bone plates and screws which had had to be removed from patients in Army, hos-

pitals because of failure, either by bending or breaking, in some instances associated with

corrosion of the plates or screws. It is the purpose of this paper to outline briefly the

background for and the present status of this development with special reference to the

clinical application of new designs, tentatively adopted under Army specifications. The

present design of plates and screws is based on mechanical principles, and is supported by

a short period of clinical trial in a number of Army hospitals. Further clinical experience

will be of value in the preparation of a new.commercial standard to supersede Commercial

Standard CS 37-31, dated March 23, 1932. Since the tentative Army specifications will

probably influence the manufacturing and procurement of plates and screws, this informa-

tion is of interest both to the medical profession and to the manufacturer. It is hoped that

it will contribute to the adoption of more uniform standards in material and design.

Metal used in the fixation of bones should possess certain chemical properties which

will not result in physiological disturbances in the body. It is not the purpose of this paper to

discuss the chemistry of the various alloys. Before the War, the Army adopted as a stand-

ard the steel known as 18-8 SMo, because it is inert in body tissue, is superior in strength,

is constant in composition, and possesses physical properties which make it resistant to

fatigue and breakage. The designation 18-8 SMo (sometimes incorrectly written as

S-IiI-0) is applied to a range of high-alloy stainless steels with a chromium content of

approximately 18 per cent, (ranging from about 15 to 19 per cent.), a nickel content of

approximately 8 per cent, (ranging from about 8 to 14 per cent.), and a molybdenum
content of about 2 to 4 per cent. The molybdenum increases the strength of the alloy and
its resistance to corrosion. Other elements are within certain prescribed limits.

To prevent electrolytic action between screws and plates, it is necessary to specify

even narrower limits of these alloying elements, and to limit the amount of certain impuri-

ties. Extensive investigations have shown that an alloy meeting the specifications given in

Table I has adequate strength, and will ensure against harmful corrosion by the body
fluids, provided it is cold-worked to meet the hardness specification. It can be seen from
Table I that the formula specified for plates and screws would be more correctly expressed

as 18-12 SMo, since the content of nickel is limited to 10 to 14 per cent., but the general

term 18-8 is still used. Steel designated as 18-8 stainless, but without Mo, is not of the same
composition, is inferior to SMo for this purpose, and should not be used in conjunction with
SMo. The superior chemical and physical qualities of the 18-8 SMo for internal fixation

were confirmed in a report published in 1945 by the Subcommittee on Bone Plates and
Screws of the Committee on Fractures and Other Traumas, American College of Surgeonsh

The importance of the proper chemical composition to render metal inert in the body
has, in recent j^ears, overshadowed the existing need for improved designs and for new and
more rigid specifications in the manufacturing of plates and screws. Consequently, manj’'

* Formerly Colonel in the Medie.al
of The Surgeon General.

Corps, United States Army
; and Orthopaedic Consultant, Office
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Fig 11 Pig 12

Fig 11 This hole was puiposely drilled eccentiic to the hole m the overljang plate The sciew
was then insetted until the head was foiced into the counteisink, thus fotcing the screw lateiaily,

as iHustiated in Fig 4, F Note that the first thiee threads aie stripped,—the fiist almost com-
pletely and the thud only sliglitly Theie aie only eight thieads, because the screw used iias onlj'

one-qiiaitei inch long (Negative No 9811(2, Army Institute of Pathology )

Fig 12 The sciew was insetted onlj'’ pait way thiough the coitex, to show the i elation of

till ended to unthreaded poition of the dull hole. (Negative No 98144^, Aimy Institute of Pa-
thology )

The new type of cvuciate-headed screw was sent to a number of Army hospitals in

March 1946, along with the drill point, drill guide, and screw driver. Twelve hospitals

have reported on these items, on the basis of their clinical application by a considerably

larger number of surgeons. The replies to a questionnaire are reported m Table III. One

additional hospital reported, but the report was discarded as unsatisfactory. Since that

time the screws have been supplied to a number of civilian surgeons and institutions, with

equally good results While these opinions are not based on a long period of follow-up of

the individual cases, which is difficult to obtain under military conditions, the evaluation

of both the screws and the plates can be determined quite satisfactorily on mechanical

principles and by laboratory tests, as Avell as by clinical experience.

TECHNIQUE

Brief mention has already been made of some aspects of operative technique, in con-

nection wdth the design of plates and screws. For the proper application of these devices,

the following additional technical points should also be observed :

The plate should conform to the shape of the bone, and any inequality should be

adjusted by accurate shaping of the plate before it is fixed. It is obviously not good tech-

nique for the screws to bend a plate to fit the bone, since in so doing a spring action

and the screw is immediately subjected to a strong pulling-out force. The screw should

in the center of the hole in the plate, so that the head of the screw wdl have uniform con ac

and pressure on the plate. If the screw is not properly centered, as it is tightened ‘

be a tendency for the countersink in the plate to force it to one side, thereby damaging
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For good internal fixation, there must be a close correlation between the holes in the plates,

the diameter of the drill point, and the root and major diameter of the screw.

2. Poor Thread-Cutting Qrialities of the Screw’. Flutes in self-tapping screws have

in many cases been little more than grooves or notches, with little or no tapping quality.

Many screws furnished the Army by one large manufacturer had very defective flutes,

inasmuch as the metal cut from the flutes had accumulated in the threads, thereby render-

ing the screws unfit to properly cut thread in the bone. The flutes have often been un-

necessarily long and wide, thereby sacrificing much of the thread and reducing the

holding power of the distal end of the screw.

3. Improper Design of the Head: The standard slotted head is inadequate and does

not furnish firm enough anchorage for a screw driver, causing the screw driver to slip out

of place and to damage the head. This is particularly troublesome in the removal of

screws which are tight. Self-retaining screw drivers are often not exact enough to allow

the screw to follow its proper course, and are of no value in the final turns on insertion or

in the initial turns at the time of removal of the screw. The Phillips recessed head, which

has proved very popular in industry, cannot be produced economically in 18-8 SMo be-

cause of the hardness of this steel. The screw head to be described here is made by a

different process, and has been developed to meet this difficulty. The taper of the head

should be of proper shape to match the corresponding shape of the countersink in the plate.

Wide variations have existed in these dimensions.

In discussing the design of the screw, the coarseness of the thread (threads per inch)

must be considered. There is a common belief, as yet neither proved nor disproved, that

coarse thread—for example, eighteen per inch—has better holding power in bone than

fine thread, such as thirty-two per inch. Extensive tests on cortical, as well as cancellous,

portions of fresh animal bones under carefully controlled conditions failed to show any

significant difference in the initial holding power of screws with fine and coarse threads in

each type of bone. In these tests, the Bureau of Standards designed a torque meter to

measure the force required for the insertion of screws. Holes were drilled under mechanical

control, and the holding power was tested by a standard pulling machine. As far as is

known, the relative holding power of different threads has not been determined in living

bones under conditions of a constant known pulling force. Successful preliminary tests of

this nature have been conducted in animals, and further experimental work is contem-

plated. At a later date it may be necessary to revise the specifications for threads, but at

present, for lack of evidence to the contrary, the Army has elected to continue the use of

fine-threaded screws (thirty-two per inch) which is the commercial standard thread for

the diameter involved.

DRILL POINTS

A discussion of screws and plates would not be complete without reference to drill

points. The quality of the ordinary steel drill points, commonly used in bone surgery,

has been such that drills have frequently broken, thereby preventing the proper insertion

of a screw and often necessitating leaving a fragment of drill in place. The fact that a
fragment is left means that dissimilar metals are present and an electrolytic reaction is

established.

Another difficulty is that of selecting a drill of the proper size. The size is usually
difficult to read, and the relation between the size of the drill point and the particular
screw to be used may be unknown to the surgeon or the operating-room personnel. The
size of the drill point must be somewhere between the root diameter and the maximum
diameter of the screw. If it is equal to or less than the root diameter, extreme force will be
required for insertion of the screws, and undesirable pressure will probably result. If the
diameter of the drill point equals the root diameter of the screw, it is probably desirable
to pretap the thread. This would give the maximum depth of thread, but this procedure
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Fig. 15

The flutes were cleaned twice during the in-

sertion of this screw. This made the sciew turn
more easii}^ than in Fig. 13, but tlie threads are
similar to those in the two preceding illustra-

tions. The first threads were not injured by
repeated removal and reinsertion. {.Negative

No. 98152, Army Institute of Pathology.)

The drill point should be turned without

describing an arc, which tends to enlarge the

hole. The hand drill wobbles unless it is held

very accurately. The motor drill possesses

certain advantages, since its power is me-

chanical and the operator can devote his at-

tention to direction. One other important

factor should receive his attention while he

uses the electric drill, and that is the rate of

drilling. If the drill is thrust through the bone

at a high speed, especially if the drill is dull,

it Avill burn the bone and produce necrosis

(Fig. 8) . A slow rate of speed is desired, be-

cause it avoids unnecessary bone damage

(Fig. 9) and, furthermore, it is safer for the

patient and the operator. Sufficient reference

has already been made to proper drill size,

and of course the drill point must be sharp

and absolutelj'’ straight. If proper technique

is used and if the materials are of good qual-

ity, threads will be cut so accurately and

sharply that the screw can be removed and

reinserted easily in the same hole without

lessening its efficiency (Figs. 14 and 15). With

this technique, no force is required to push

the screw in, and the force is all directed at

turning the screw.

It is commonly believed that all screws

which engage a plate should engage both cor-

tices. It is not the purpose of this paper to

settle that point, but with impror’^ed devices

and technique we may find that it is not nec-

essary for all the screws to be long. Where

short screws are used in the proximal cortex

only, pilot-point screw’^s are advised, because

of the ease of insertion without a holding de-

vice and because there is no disadvantage in length, since the pilot point remains inside

the bone. Where long screws are used to engage both cortices, pilot-point screws are ad-

vised, because the point also tends to direct the screws to the center of the distal hole. As

stated previously, allowance must be made for the pilot point in selecting the proper length

of screwq if threads are to completely engage the distal cortex.

In some cases it is desirable for the threads to engage the distal, but not the proximal,

cortex. This can be done with a screw which has a non-threaded segment just distal to the

head. However, the same objective can be attained wdth the standard screw by merely

‘ enlarging the pro.ximal hole with a Ho. 27 drill of 0.144 inch diameter (Fig. 3, C), which

exceeds the maximum diameter of the screw and permits the threads to pass freely tbrovg i

this hole, as illustrated in Figure 5, D and F. In this instance, the whole screw acts as a

pilot point and the non-pilot-point screw is satisfactory, although the pilot point possesses

no disadvantage, e.xcept for the slightly greater length (one-sixteenth of an ’

In placing a screw through two fragments, as in an oblique fracture, with or withou

use of a plate, this method of engaging only the distal cortex tends to draw the r.

ments firmly together. If both cortices are tapped, the screw fixes but does not uupac

the JOUBXAL of BOXE and joint SURGEBl
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Pig. 2

Delnil."! of .si-rcw with cnu-iair head ami im))vovc(l cuttin}; flutes. Inset, shows pilot point, reduced

to the diameter of the drill. (Complete siiocifications include some details not sliown.)

tested)
,
and the plate is, tliercforc, considerably larger and heavier than the plate made of

18-8 SMo of the specified hardness.

The thickness of the individual plate is uniform throughout. The length of the mid-

section is limited to one and three-eighths inches in the longest plate, whereas it was for-

merly two and five thirty-seconds inches in the No. 0 plate. If the edges of the plate do

not bear on the surface of the bone, it can rock sideways on the bone, even when screwed

tightly to it. This produces varying bending stresses in the screws, which can cause them

to fail by fatigue. Some of the broken screws examined at the National Bureau of Stand-

ards showed failure, typical of fatigue in bending. For that reason the radius of curvature

of the plate should be smaller than the radius of curvature of the bone to be plated, to

ensure that the edges of the plate bear on the surface of the bone. Some plates examined

had radii as great as one inch, although three-eighths of an inch was specified. A radius of

three-eighths of an inch, the same as previously, is specified for the four larger plates. For
the two smaller plates, one-quarter inch is specified, to adapt them to the smaller bones on

which they are used. The size of the holes and the angle and depth of the countersink have
been specified with exact tolerances, as illustrated.

NEW SCREWS

In order to correct existing faults in screws, exact dimensions and tolerances have
been established for the major diameter, root diameter, threads, flutes, and head (Fig. 2).

The flutes, two in number, are short, deep, and of excellent cutting quality; they displace

only one-half the area of the two distal threads, thereby preserving the maximum amount

TABLE II

Specifications for New Plates

New
Old-Style
Plate of Length Thickness No. of

Maximum
Width

Width
Between Holes Radius

Size Same Length (.zkl/lOinch) {±0.015 Inch) Holes {±0.016 Inch) {±0.016 Inch) {Inches)

A 00,0 5 %2 0.095 6 0.406 0260 %
B 1,2,3 0.095 6 0.406 0.215 %
C 4 32140 0.065 4 0.375 0.146 %D 5, 6, 614 3 y« 0.065

-
4 0.375 0.146

0/

E

(Approxi-
mately)

i 2.227 0.065 4 0.336 0.125 ViF s 1.960 0.065 4 0.336 0.125 - V*
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ARTHROPLASTY OF THE ELBOW BY REPLACEMENT OF THE DISTAL
PORTION OF THE HU.^IERUS lYITH AN ACRYLIC PROSTHESIS

BY MAJOR RICHARD H. MELLEN AND LIEUTENANT COLONEL GEORGE S. PHALEN
Medical Corps, Army of the United States

From the Orthopaedic Surgery Section, O'Reilly General Hospital, Springfield, Missoini

A review of the literature for the past ten years has failed to reveal the use of plastic

material, such as lucite, in arthroplasties or reconstructions of the elbow joint. For quite

a number of years lucite, in the form of cups, has been employed for arthroplasties of tlie

hip. Recently its use has been reported by Burman and Abrahamson as an interposition

substance in arthroplasties of the interphalangeal and metacarpophalangeal joints. At

O’Reilly General Hospital, the authors have used plastic material independently in the

metacarpophalangeal joints in quite a number of cases. The results have been no more

outstanding than those obtained from standard methods of

Fig.’i-B Dg. 1-C

Fig.l-A; Case 1.' Shows the amount of active flexion in the left elbow, ten

The distal third of the humerus and the olecranon process of the ulna had been remor ed at t

1-S^Sr'StTcTment of an acipdic implant, four and o^jhaU

end of the humerus, the patient was able actively to flex the left elbov to 90 deg e ,

ic' InteToptfeFJr 'and lateral roentgenograms of the l-^ftfl^ow region ten

injuS There is loss of the distal five inches qf the humerus, as well as of the olecranon proe

the ulna. cnaarP.
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Tct'liniquc employed in plnle fixation.

A

:

The use of the drill guide ensures the proper centering of the screw in relation to the hole in

the plate.

B: After the hole has been started, the guide is removed, and the hole is drilled through one or both

cortices. If the guide is kept in jilace, it will lend to become filled with bone chips.

C\ A screw, properly centered and perpendicular to the plate. The head of the screw fits the

countersink accuratelj’.

D

:

A screw inserted at an angle. The threads are likely to be damaged by the edge of the plate.

The head comes into contact with the plate at only one point, instead of uniformly, as in C.

E: A screw inserted pei'iiendicularly, but eccentric to the hole in the plate. This is comnion if a

drill guide is not employed. The threads are likely to be damaged if sufficiently eccentric, since

the clearance between screw and jilate is only from 0.009 to 0.020 inch.

F-. As the screw in E is tightened, the head will be forced into the countersink in the plate. This
lateral force on the screw tends to cause excess pressure and to strip the threads already cut in

the bone, as illustrated in Fig. II.

Fio. 5

Technique in plate and screw fixation.

A

:

A long screw without pilot point has been inserted at a slight angle in relation to the drill hole.
This is common in actual practice. The point ma5

’’ completely miss the hole or it may hit it

eccentrically. Then, as it is forced into line, it will tend to strip the threads already cut in the
proximal cortex.

B : A screw with the pilot point. The tip accurately fits the drill hole and tends to direct the screw
properly. Furthermore, it holds the screw, so that it may be more easily controlled without the
use of a screw-holding device on the screw driver. A longer pilot point would be more effective
for both purposes, but this portion of the screw does not engage the bone.

C

:

A long pilot-point screw, properly centered and of optimum length. -

D ; After both cortices have been drilled with a No. 35 drill, the hole in the proximal cortex has been
enlarged by a No. 27 drill (0.144 inch) so that the threads engage only the distal cortex. In this
case the whole screw acts as a pilot point. This method makes possible the impaction of frag-
ments when the screw is tightened.

E-. Two fragments of bone, fixed with a screw without use of a plate. The hole in the proximal
cortex has been countersunk (Fig. 3, E)

.

This avoids the tendency for the tapered head to split
the bone, and also makes the head less prominent.

F : The proximal hole has been both enlarged as in D, and countersunk as in E, and permits impac-
tion of the fragments. Methods E and F are applicable in fixation of fragments and of onlay
bone grafts.

bone after cutting part way; and insertion of the screw becomes increasingly difficult

beyond this point. If the screw is then withdrawn, cleaned, and reinserted, the remaining
bone will be tapped as easily as the first portion. This demonstrates the A'-alue of flutes of
good quality.

The cruciate type of screw head illustrated in Figure 2, designed by Mr. J. G. Collison,
provides firm anchorage for the screw driver, possesses advantages similar to the Phillips
head, and does not require a screw-holding device. The cruciate slots in the head describe
the same arc as the point of the screw driver (Fig. 3, D) . Therefore, angulation of the
sciey diiver lesults in a universal-joint action with the screw head; and the screw will



350 R. H. MELLEN AND G. S. PHALEN

aciylic prosthesis, measuring four and one-half inches in length, was attached to the distal end of the
liumeral shaft with two loops of No. 20 tantalum wire. The postoperative course was uneventful, e.wept
for a transient incomplete palsj- of tlie radial nerve, which completely subsided in three weeks. After
removal of the skin sutures on the tenth day after operation, the patient was encouraged to use the left

arm; and within six weeks he was able to flex the elbow actively to a right angle. Ho was able to usc

his hand better, and could raise it aiiproximatcly to his moutli. There was con.siderable instability of

the elbow joint, but much less than before opeiation. He was still unable to use the hand for any work
above the level of his shoulder. The soldier was discharged from the Army on a certificate of disability

on November 28. 1945, and at this time he was still unable to flex the elbow actively to moie than 90

degrees (Fig. 1-B). There was no pain in the elbow, and no evidence of any irritation about the aciylic

implant (Fig. 1-D).

A similar problem presented itself in several cases of non-union in the supracondylar

region of the humerus. In these cases the distal fragment of the humerus was malunited,

and the elbow joint was fixed by fibrous ankylosis. This mitigated against the restoration

of any satisfactory painless motion in the elbow itself after bone-grafting of the humerus,

Fig. 2-A I’m. 2-B
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angle, as in Fig. 7. Note the marked frag- Fig. 10
mentation and discoloration of the threads,
due to overheating. Note also the gradual disappeaiance of thieads in the center, wJieieas threads

vreie cut on the othei half of the specimen (not shown) due to angulation of the screw. Poor
fixation would lesult. fjsegative No. 9S146. Army Institute oj Pathology.)

Fig. 9: This hole was drilled with a shaip dull point and the electric motor at moderately high
speed, which did not overheat the bone. Note the sharp outline of the threads and absence of

discoloiation. The sciew was again puiposcly inserted at an angle; the gradual disappearance
of thieads on one side of the hole is shown. {Negative No. 9SI49, Army Institute oj Pathology.)

Fig. 10; A sciew properly centeied and inserted, after being drilled with a point of optimum
diameter (0.110 inch). Note the space between the bone and the loot of the thread. (Negative
No. 9S15S, Army Inslilulc oj Pathology.)
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On October 25, 1945, the distal end of tlje humerus was resected, just proximal to the site of non-
union; and an acrylic implant, measuring approximately two inches in length, was fixed to the end of
the humerus with two vilallium screws. The proximal three-quarters of an inch of the olecranon process
of the ulna was resected, which left a gap of about one-half inch between the distal end of the acrjdic

prosthesis and the pro.ximal end of the ulna when traction was applied to the forearm in extension
(Fig. 3-B). A posterior molded plaster splint was applied to the upper extremitj--, with the elbow in

150 degrees of extension. This splint was removed in three weeks, and active and passive motion was
instituted. There was iirompt re.storation of painlo.«.= motion in the elbow joint from 50 degrees of fle.xion

to 135 degrees of extension.

Strength in the arm continued to improve during the next five months, although little, if any, in-

crease in the range of elbow motion occurred. Stability of the joint was good. An evaluation by ques-

tionnaire. in October 194G, revealed increased strengtli and .stability without aiipreciable change in range

of motion. Slight discomfort was noted with changes of (he weather.

Fig. 4-A Fig. 4-B

Front I'iow and side view of tliree wnrielic.s of aciylic prosthc.-is, used to replace the distal end of

the humerus. Drill holes have been made in the shafts of the two shorter specimens for the inser-

tion of screws or wire loops. Tlic.-e holes .«hould be drilled at the time of operation, after the

prosthesis has been fitted snugly over the end of the humerus.

C,\SE 4, A ninetecn-A’ear-old .\rmy sci grant was involved in an automobile accident on June 30, 1945,

in Sioux Falls, South Dakota. He .sustained a severe crushing injuiy of his left upper extremity, with

compound, comminuted fractures of the distal end of the hiiineriis and the middle thirds of the radius

and ulna. On August 11, open reduction was performed on the radius and ulna, and a hanging cast was

applied.

On admission to (his General Hosjiital on October 12, the fractures of the radius and ulna were

found to be healing sati.'-faclorily with the bones in good alignment. Tlie fracture of the humerus was

also healing, but with marked anterior displacement of the distal fragments. No rotation was possible

in the forearm, and only a jog of iiainful motion in the elbow joint. By December 1945, all immobiliza-

tion had been removed from the arm, and an attempt was made to obtain more motion in the elbou

joint with occupational and physical therapy. This was unsuccessful.

Because it was obvious that further motion in the elbow could not be obtained without arthroplasty

on March 14, 1946, the elbow was exposed through a posteromedial incision. The condylar fragments o

the humerus were found to be united by a firm fibrous union onl.v. The distal one and one-half inews

of the humerus were removed, and an aciylic prosthesis was attached to the distal end of the humeia^

shaft with one vitallium screw. The proximal half inch of the olecranon was e.xcised. A posterio^

molded plaster splint was applied, with the elbow in 150 degrees of extension. The postoperative

was uneventful, and motion was started three weeks after the operation. In December 1946, t le pa

had a range of motion of from 60 degrees of flexion to 150 degrees of extension. Verj' slight iscom

was experienced as a result of weather changes or heavy lifting.

Tiie prosthcscs were constructed by members of tlie Dental Section and the

Eve Lalioratory. The material used was veronite, which is^ a methyl and et ly me i

crvlate. This material was cast in the form of models, which were fashione a er

authors’ idea of a functional form for the distal portion of the
ctntalhole

tempt to duplicate the normal anatomy of the bone (Figs. 4-A and 4-B) . T
.,0,;-

of Xe Xslhosis was drilled out ou a lathe. The size of the central cavity^ app.o.v
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good threads already out in the hone and producing a strain wliicli will jn-obahly lead to

necrosis and early loosening of the screw (Figs. 4, C, D, E, and F, and 11). Attention has

previously been drawn to the usefulness of a centering device- or a drill guide, but it has

not been adopted by most operators. A simple device is illustrated (Fig. 3, A), which

accurately fits the hole in the plate. It is placed in the hole while a few turns are taken

with the drill in order to locate the irroper center. The drill guide is then removed (Fig. 4,

A and B) and the drilling is continued without it, .since otherwise it would tend to become

filled with bone chips. In order to have uniform contact between the plate and the screws,

it is important to drill vertically to the plate as well as in the center of the hole; the drill

guide will aid in determining this direction. Successful immobilization with plates and

screws should depend on the strength and rigidity of the plate and on the permanent hold-

ing qualities of the screw. Sometimes reference is made to the advantages of inserting

screws at odd angles to the plate. Except where the screw may thereby be made to engage

the two major fragments of bone, such angles will not contribute to stability, because the

purpose of the screw is to fix the plate firmly to the bone. If it is desired to engage both

major fragments by placing the screw at an angle, it is probably better to place a separate

screw (Fig. 5, E and F) for this jiuriiose, since angular screws give poor contact with the

plate (Fig. 4, D). If the screw is angulated in relation to.the drill hole, it will not engage

the bone on one side of the hole after the first few turns, whereas it will cut too deep and

tend to break the bone on the opjiosite side (Figs. 6, 7, 8, and 9)

.

Fig. 13 Fig. 14

Fig. 13 The screw was inserted all the way without remoi^al, the cortex measuring foui teen
thirty-seconds of an inch (fourteen threads). The screw turned with difficulty after the first six or
eight threads^, but continued to cut good threads the rest of the way. {Negative No. 9S1AB, Army
Institute oj Pathology.)

t , j

sciew was inserted about half waj% lemoved for the puipose of cleaning the flutes,

1? n turned much more easily in the last half than in the case of Fig.

ofPath
the threads appeals to be the same. {Negative No. OSI48, Army Institute



THE “LATCH” GRAFT

A Co.%fnriVATrox of Ixlav axd Ixtifamedullakv Graft R^hich Is Self-Retaixixg

BY LIEUTEXaXT COLOXKE PKTEU-CYUFS RIZZO AXD CAI’TAIX OTTO LEHMAXX

Medical Corps, Aritip of the Viiitcd Stales

From Fletcher General Hospital, Cavibridgc, Ohio

The injuries in World War 11 have been, to a large extent, injuries to the extrcinities.

Compound fractures due to shell fragments and Inillets were frequently accompanied by

extensive loss of bone substance. Treatment of simple fractures of the long bones often

had to be interrupted because of the ncce.ssit j' of evacuating the patient to another hospital.

This resulted in disjdacement of fragments with su!)sequcnt delayed union, inalunion, and

non-union. Because of these factors, a large number of cases required bone-grafting. In

the past few years a good deal has l)een written al)out various tyjies of bone grafts, with

frequent recommendations of the use {»f some form of metal device for rigid fixation of the

gi’aft and of the fracture fragments. In .some instances the results have not been very

satisfactory. Frequently drainage from the site of the metal ensued, necessitating sub-

sequent removal of the foreign material. Osteomyelitis, resulting from these infections,

was difficult to eradicate.

The types of bone grafts generally used are (1) the onlay graft, (2) the inlay graft,

and (3) the intramedullary graft. The onlay graft, although easily applied, requires

metallic fixation for good stability. The inlay graft, in order to immobilize properly, has

to show a perfect fit. This is often difficult to obtain, particularly in cases with loss of bone

substance, and metallic fi.xation has to be resorted to. Although the intramedullary graft

provides e.xcellcnt fixation of the fragments, technical difficulties are involved in its appli-

cation; and it has been largely abandoned because of the unsuccessful results, believed to

be due to obliteration of the medullary cavity by the graft.

TABLE I

SuM.M.MiV OK FoUTV-.'ilX CON.'^ECUTIVK C.^SKS IN tVlUCH THE “LaTCH” Gn.\FT tV.AS USED DURING
.\ Onk-Vkau J^erioi)

Bones
Grafted

Hiinicnis
Radius

rina
Metacarpals
Femur

Tibia

Totals

Tyiics of Fracture Results

No. of
Expected

Healed *
'I’o Heal

FailuresCases Simple Compound (Six Months’ (Less Than
Observation) Six lilonths’

Obsorvation)

0 I 1 1 I 0

(Non-union)
9 2 7 S 0

1 1
o
O 3 1

3 0 3 3 0 u

1

.

(Infection)
18 3 1.5 14 3

(2 Refractures)
K
t 2 5 3 2

(1 Rofracture)

2
(Infection)

It) 9
(19.G7e)

37
(SO.1%)

35
(70.1%) (16.2%)

4

(S.7%)

H-rvation iieriod of at least three months.
^
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two fragments; and, in fact, any pressure exerted as the distal cortex is tapped tends to

distract the fragments, depending upon the firmness of the bone clamp.

In fixing a bone graft, a fiat-headed screw is often preferred, because it fits the flat

surface of the bone; whereas the tapered head tends to split the bone, if forced into the

small hole. However, here again the standard screw with the tapered head is equally

suitable, if the hole is reamed with a countersink of the exact size and shape as the head

(Fig. 3, E ) . This has the added advantage of making the screw less prominent. Where

fragments are fixed by screws, without the use of jjlates, the countersink is also a useful

tool, especially since many of these screws arc placed at an angle; and with the use of the

countersink the head can be recessed and still fit the hole with uniform contact.

It can be seen, therefore, that with two simple accessories—the No. 27 drill and the

countersink—one type of screw can serve the purpose of the standard screw, the smooth-

shanked screw, and the flat-headed screw, and thereby decrease the stock of screws re-

quired. Objection may very well be raised to the addition of another type of screw with

the pilot point, which would seem to indicate the necessity of two complete sets. The pilot-

point screw is a new feature, which is being submitted for clinical evaluation. It may prove

its value by replacing the conventional type in certain lengths, or in all lengths, for those

surgeons who prefer it. Either the pilot-point screw or the non-pilot-point- type alone

suffices for bone surgery, if properly used.

Note; Credit is due Dr. L. B. Tuckerman and his associates, at the National Bureau Ff Standards,
for testing and for technical assistance in this work; and to Mr. J. G. Collison of Greensboro, North
Carolina, who developed the screws and centering device, manufactured the plates^and drill points fo the
specifications given, and has offered a number of suggestions in mechanical technique.

Specific comments, criticisms, or recommendations in connection with this subject may be addressed
to the Research and Development Board, Office of The Surgeon General, Pentagon, Washington 25, D.,C.
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Fig 3-A

E H I’out niontli'- aftoi 'im|ilo fi.u tint' of left fciniii Malposition and non-union aic slionii

Fig 3-B

Five moiitlis aftei inseition of “latcli” giaft.

entire graft can now be countersunk into the trough. Once the graft has been fitted in o

the depth of the trough, it can be driven back or “latched” into the medullary canal o le

other fragment (Figs. 1, C and 2, C). Since the length of the graft exceeds the lengti o

THE JOURNAL OP BONE AND JOINT
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of the ulna—the result of an initial debridomcnl which was too extensive—it was believed

that an acrylic type of prosthesis might bo used on the humerus to provide a fulcrum for

the elbow joint and still allow early motion in the elbow. This would avoid the long period

of time necessary for healing if a bone graft were used to prolong the humerus. It would

also avoid the uncertainties of bridging a large gap between the humerus and ulna with a

bone graft to accomplish arthrodesis of (he elbow. The following case report is illustrative

of its use in such a fashion:

C.VSF. 1. On August IS, 1D14, .in Anuy .scigo.-inl, Uvent 5'-l\ircc ycnr.s old, was driving with his left

elbow out of .1 cay window, when lie w/is sinick by a duck going in the opposite diiection. He sustained

compound fv.actuvcs of the distal third of the humerus, the olecranon process of the ulna, and the

proximal and distal thirds of the radius. He was fir.st given medical treatment in a civilian hospital and

then tiansfcned to an Aimy Station Hospital, where, on August 20, thorough debridement and cleansing

of the wound was done and the ann was immobilized in a plaster cast. There was loss of the major

portion of the distal third of the humerus, with the exception of part of the medial epicondyle, and loss

of the olecranon process of the ulna. The patient was transferred to an Army Air Forces Regional

Hospital, where, on August 27, an attempt at secondary closure was made; because of soft-tissue loss,

however, it could not be done sati^factoiily. At that time the three major nerves in the elbow region,

as well as the brachial artery, were intact. The fracture of the distal end of the radius was plated, and

the fracture of the proximal end was reduced and held with a wire loop.

The patient was tiansfcired to this General Hospital on September 26, 1944, with a large granulating

wound over the posterior aspect of the elbow. On October 12, the loose medial epicondjdar fragment

was removed, and the wound soon healed. Because of the extensive scarring over the posterior aspect of

the elbow, a full-thickness abdominal pedicle graft was applied on March 2, 1945. The patient had a

flail elbow, with no active extension and with active flexion of onlj' 20 degrees (Fig. 1-A). Roentgeno-

grams showed the absence of the major portion of the distal five inches of the humerus, and of the

olecranon process of the ulna (Fig. 1-C),

On July 12, 1945, the elbow region was exposed through a posteiior longitudinal incision; and an

Fig. 1-D

Lateral and anteroposterior roentgenograms of the left elbow, ten weeks after attachment of
an acrjdic implant to replace the distal third of the humerus. Although tJie acrj'Jic pi'osthesis

radiopaque, the contour of the implant is roughly outlined by calcium deposits in the
soft tissues immediately adjacent to it.

von. 29, NO. 2, APRU. 1947
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fracture site. The wound is closed, and tlie extremity is immobilized in a plaster cast. If
the procedure is carried out correctly, there should be complete stabilization of the frag-
ments and correction of the alignment, even in cases with loss of bone substance.

Plaster immobilization following this procedure has been continued for an average of
four months. Rocntgenographic studies have indicated an area of rarefaction about the
intramedullary jiortions of the graft at the end of three months. This rarefaction dis-

appears at the end of the fourth month, and after six months the outlines of the gi-aft are

almost indistinguishable.

jMore than forty patients have been successfully operated upon by the technique
described. The graft has been used in the femur (Figs. 3-A and 3-B), tibia, humerus,
radius, ulna, and metacarpals (Figs. 4-A and 4-B).
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DISCUSSION

{Coutiuucd from pmje 327)

If the blood .«upply to the head is inadequate at the time of the bone-grafting, then revascularization of

both tlic head and the graft are necessary to obtain a good end result.

Dr. M.arv Sherm.^.v. Cmc.wci. Ir.t.t.vors; I wi.-h to make only one point. In our opinion there is no

such thing a.s delayed aseptic nccro.-i.-'. If one .--tudie.'i a .-eiie.'< of fcinoral-nock fractures, it becomes

apparent that there i.s a sudden intenuplion of the blood .-•iii)i)ly due to the break or to the degree of

.surgical intervention, and cither the head die.-- at once, in tolo, or it no\'or dies at all. The reason that

rocntgenographic and clinic.-d change.-; do not thow up until later is also evident from pathologic

studies. The dead portion of the hone i.-- quite inert, doc.-- not collaj'se, and docs not show any sigi' ®

change until revascularization has begun. When ah.-orpi ion lias become apparezit on the roenfgenopam.

tlie dead bone ha.-; been weakened by advancing rcpl;iccmont. and it is at that time, if weight-bearing r

permitted, that fracture and .-oparalion iiia.v occur. Bcpiaconient, since it always begins at the fractiim

edges, is first evident in the superior and inferior margins of the head. The triangular area of densil-

which stands out so clearly, rciircsents the unreiilaccd jiortion which lias not yet been invaded, ma)

never be invaded, or may even be cast olT as a soque>truin.

Dr. Phieii* D. M'ilson, New York, N. Y.: In an.-wor to a jioint that Dr. Colonna made,
^

this operation, of course, is a modification of his procedure. There is no question about tliat.

the point is that, according to his original dc.'=cription, there is a direct thrust, the angle of tie n

is eliminated, and the quality of the bone is similar to tliat of the knee. I think the question m " le

this operation is the Colonna type or the Whitman type. I can assure you the neck was en

removed and the remodeling has been directly under the trochanter. ,

There is one final point which I should like to make, that is. the consideration of the age

imtient in determining what procedure sliould be followed. I am vciy sure that I woul no
.

this operation on a patient over sixty. It is a veiy complicated procedure. There m a
* ^ .pint

•ind there is the problem of patient.s who, a.s a rule, are not very good at e.xercise, and i

• loWmy is rapidly developing. I Unnk, therefore, that beyond that age we should choose a

type of procedure.
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oithor alone or in eoinhinalion willi a conventional arthroplasty or resection. II apiicarod

likely that the entire ununited distal frasnu'ut of the humerus might well be replaced

with a functional type of plastic prosthesis. This would restore the fundamental principles

of the hinged type of joint normally present in the elbow, inasmuch as the iiroximal portion

of the ulna was undamaged and could furnish a satisfactory point of rotation. The u.se of

a plastic prosthesis in this type of injury is illustrated by the following three cases:

C\sr, 2. .An .\rniy pri\-!ik', hvcnly-t'iulit ycar.s old. was injured by enemy sliell fire in Normandy,

on Juno 6. 19M. He sn.slaincd eoiniiound fraelures of (he dislal third of llic right humerus and of

the proximal third of the left femur. Upon admisdon to Hits (Jeneral Hospital on October 13, 1944,

both clinical and roenigcnograiihie evidence of non-union of the femur was present; and a bone graft

wa.s subsequently applied to this bone to obtain union. Non->mion of the fracture through the di.stal

third of the humerus was also prex'ut, with a few degree.s of motion both at the fracture .site and in the

elbow joint (Fig. 2-A). There was a considerable loss of .soft tissue over the posterior aspect of the

elbow, and an incomiilete iiaialy.'-is of the ulnar nerve.

An abdominal jiedicle flap was applied to the po.sterior a.s]rect of the elbow on March 19, 1945. On

May 26. arthroplasty of the elbow was performed. The distal one and one-half inches of the humeru.s,

which included the site of non-union, was resected; and an acrylic imiilant was inserted. The proximal

three-quarters of an inch of the olecranon iiroces.s of the ulna was also removed. The acrylic implant was

fitted snugly over the end of the humerus and fixed with tantalum wire (Fig. 2-B). A posterior molded

plaster splint was applied, with the elbow in 150 degrees of extension. This splint was removed in three

weeks, and active motion was instituted in the elbow joint. Restoration of rnotion in the elbow joint,

from 50 degrees of flexion to 140 degrees of extension, without pain, was promptlj^ attained.

The patient was discharged from the Army on .a certificate of disability on December 11, 1945. At
that time the range of motion in his elbow joint had not changed; but the strength in his arm was much
improved, and there was excellent stability in the joint (Figs. 2-C and 2-D). A personal communication,

in October 1946, indicated that there was no change in range of motion and no pain, but that an

increased sense of stability and strength was present.

C.^SE 3. A twenty-year-old Army private was wounded in combat in Belgium on Januar3’^

3, 1945,

sustaining a compound, comminuted fracture through the distal third of the right humerus. On admis-

sion to this General Hospital on Juno 19. there was definite non-union of the humeral fracture, with

complete destruction of the normal anatomical contour of the supracond.vlar region (Fig. 3-A). The
humerus was very flail at the site of the pseudarthrosis, and there was little active power in fle.xion. of

the forearm.

Fig. 3-A Fig. 3-B
Fig 3-A: Case 3. Lateral and anteroposterior roeiitgeiiogiams of the right elbow, six and one-lialf

months after a compound fracture involving the distal end of the humeru.s. There was a flail
psMdarthrosis of the humeral fracture, with very little active flexion of the forearm.

and anteroposterior roentgenograms of the right elbow, three months after
auaciiment of an aciylic prosthesis to the humerus with two vitallium screws. The tip of the
Olecranon has been resected. Some deposition of calcium is iiresent in the soft tissues adjacent to

end of the acrylic implant. A .small fragment of bone, presumablv from the lateral

of?n ®*''' Viiefent. Good stalwUty of the elbow joint is pYesent. as well as -motionoU aegiees of flexion to 135 degrees of extension without pain.
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removed; a bone graft filled the space in one and no graft was used in the other. No
difference was reported in the end result Crossan stated: “All cases of compression

fracture of the scaphoid demand open reduction”. In discussing fractures of the tarsal

naviculai-, Morrison said; “The scaplioid fragments must be moulded into place. Un-
commonly o])en ojicration is necessary to obtain a good result.”

In many cas'es treated by manipulalion, a good functional result is reported after four

or six montlis, and tlie case is closed. It is believed that, in manj^ patients with so-called

good results, pain and di.?ability appear later as the traumatic arthritis develops, and

operative jiroccdures arc required a year or more later,

Dick has reported a case of fracture-dislocation of the tarsal navicular in which two

attempts at manipulative reduction failed, as did also a third attempt at manipulation

aided by skeletal traction. At oiren operation, i-cductlon was effected easity. The foot was

immobilized in plaster for ten weeks, and four weeks later the patient returned to duty

with somewhat limited mid-tar.‘jal motion but without pain. After two months this patient

returned, complaining of pain. Hoentgenograms at that time demonstrated arthritic

changes. Fusion of the talonavicular ami cuneonavicular joints was then performed. Dick

states: “. .

.

if open j'oduction i.s rcfpiired for a fracture-dislocation of the tarsal navicular,

primary fusion of the involved joints is indicated. Even in closed fractures of the tarsal

scaplioid in which manipulative reduction .‘•uccccd.s. consideration should be given to the

desiral)ili(y of primary fusion of tin* involved joints when there is distortion of the joint

surfaces,"

Seven cases of injui’ie.s In (he tar.«al navicular ha^e l)ccn treated bj' the author, and

two procedures lunr been msed. 'i'hese ea.scs lu-n’e been grouped to help formulate a pro-

gram for the treatment of (lie injuries.

r,,cuu.0 <.iJltn'or «.c— .ftcr
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imatcd for caoli case by a iircopc’ralivc incasurc'incnl of tlio roentgenograms of the distal

shaft of the liinnerus, over which tlie jirosihcsis was to fit. At tlie elbow a standard opera-

tive approach was used, usually modified by the type of injury and the presence of previous

scars or skin grafts. Tlie jirosthesis was secured to the distal iiortion of the humerus either

by tantalum wire or vitallium screws; these were jilaced through holes in the prosthesis,

which were easily drilled at the time of operation, after the prosthesis had been fitted

snugly over the end of the humeral shaft.

DISCUSSION

Three of the patients described have been followed for periods ranging from nine to

eighteen months since the oiieration. Several striking things have been noted. Immediately

after subsidence of the jiostoiierativc reaction, motion was restored to the maximum
amount obtained; and. as weeks went by, strength in the flexor and extensor muscles

improved, but very little further imiirovement in range of motion occurred. - This was

probably due to the fact that, from tlie start, very little pain was present on motion; and

at the last evaluation the patients comjilaincd of no ])ain whatever. Furthermore, the

elbows were comparatively stable.

Inasmuch as the distal end of the humerus is enclosed in this more or less impervious

acrylic cap, the fate of this portion of the bone in regard to nutrition and future atrophy

is uncertain. This will have to be determined bj*^ a longer period of observation. The
purpose of this report is not to jiresent end-result studies, but rather to stimulate interest

in a simple type of procedure, which apparently restores motion to the elbow quicklj’- and
relatively painlessly. The authors believe that this procedure might possibly be of benefit

in ankylosed elbows resulting from rheumatoid arthritis.
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Showing intoiTclation of motions in tarsal joints.

question arises as to whether triple arthrodesis

jilus arthrodesis of the cuneonavicular joints

should be performed, rather than localized

arthrodesis of the talonavicular and cuneo-

navicular joints.

'

The author believes that a more extensive

artlirodesis should be performed, since the

localized artlirodesis eliminated nearly all of

the inversion and eversion of tlie foot in the

cases just presented. Experimental procedures

were carried out to demonstrate the interrela-

tion of motions in the tarsal joints. A leg

whicii had been amputated because of diabetic

infection, with no structural abnormalities,

was used (Fig. 2, A). A Kirschner wire was

drilled into the talus and one into the navicu-

lar, close to the joint line on the medial aspect

of the foot. Likewise, wires were placed in the

calcaneus and in the cuboid, on the lateral

margin of the foot. When the foot was pas-

sivcl}' twisted into inversion, it showed a wide

angle between the Kirschner wires, demon-

strating the extensive motion in these two

joints. The foot was then twisted into ever-

sion. and showed little or no angle between the

wires (Fig. 2, B). Thus a rather wide total angle of motion is demonstrated in the normal

foot. Two Kirschner wires were then drilled through the plantar as])ect of the foot,

through the calcaneus and into the talus (Fig. 2, T), thus producing a pseudo-arthrodesis

of the subtalar joint. Figure 2, D demonstrates the small amount of motion present on

inversion of the foot aftei' fixation of the posterior joint, and Figure 2, E demonstrates the

position of the wires on eversion. The fixation of the posterior joint eliminates nearly all

of the motion of the anterior joints. Fixation of the talonavicular joint (not illustrated)

produces a marked diminution in motion of the other two joints, although not quite so great

as in the case illustrated. From these findings, it was felt that the type of arthrodesis m

fractures of the tarsal navicular should be the triple arthrodesis with artlirodesis of the

cuneonavicular joint.

It is the opinion of some that, after arthrodesis of the talonavicular and cuneonaA’icu

lar joints, a compensatory abnormal degree of motion will eventually be produced in th(

calcaneocuboid and talocalcaneal joints. It is felt, hoAvever, that an abnormal range o

motion’ of these joints would be another factor in producing jiain. The remaining casei

demonstrate the more extensiA'e type of arthrodesis.

C.ASE 3. A corporal was injured October 1, 1943, when he caught his foot between the bed rail .anc

the bed springs of an upper bunk, producing .acute plantar flexion, as he fell to the floor of his banac

He sustained a fracture-dislocation of the right tarsal navicular (Fig. 3-A). On October S, under anae^

thesia, a manipulation was performed; reduction could be obtained, but could not be maintaine
^

Moderate dislocation recurred, but, since tliere was fairly good bone contact, conservative treatment a.

followed; and after si.x weeks the soldier was placed in a walking cast. Because of pain in the too ’

was unable to get along, and on January 12, 1944, a triple arthrodesis plus fusion of the

joint was performed. .Bergen months after the injury he had mild pain in his foot; this gia u

ditaiwished, and at the time of discharge from -the convalescent ward he complained of little m P

except after yeiy long' walks. He had good ankle motion and the hind part of the foot was solid (l^ig-

Case 4 While tliis corporal was cleaning his gun on the Anzio Beachhead, Itab', Februap
^

his position was shelled and his gun discharged accidentally, injuring liis left foot. After initial trea
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Fig. 2

Diagrams of operative technique.

Self-retaining grafts, which give proper immobilization of the fracture fragments and
fixation of the graft without the use of metallic fixation, have been used by Kirk, Albee,
Brittain, Ryerson, and others. The graft to be described here has proved efficient in ful-
filling the requirements of rigid fixation of both the fracture fragments and the graft
without metallic fixation. It is a combination of inlay and intramedullary graft.

OPERATIVE PROCEDURE

The fracture fragments are widely exposed. Realignment of the fragments is carried
out, if necessary. By means of the twin saw, a narrow trough is made in both fragments,
crossing the fracture line or the bone defect. The width of the trough should be slightly
ess than the thickness of the tibial graft to be used; the length varies with the bone to be
grafted. The medullary canals of both fragments are opened.

1
^ ^ne graft is cut from the tibia, and should be at least three or four centimeters

onger than the trough. The graft should be the width of the bone to be grafted, minus
1C ness of one cortex. If a bone defect is to be bridged, the graft should be cut so as

0 contain part of the medial or lateral cortex of the tibia. If non-union is present but no

I
1 ’

f

taken from the middle of the anteromedial tibial surface, so as

hflvi* i

lie is then shaped by means of a saw or rongeur so as to

shrmlr)
prolongations, one longer than the other. These prolongations

thriAV+rT .

narrower than the width of the medullary canal. The distance from

to the length of thl^Lugh”''^''^'”''

UD to its

placed sidewiays into the trough. The longer prolongation is insertedup to Its base into the medullary canal of one of the fragments (Figs. 1, A and 2, A) . The
VOL. 29, Ko. 2, APBIL 1947
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The following case is presented, not as an injury, but as a case of tuberculosis of the

tarsal navicular, and represents the same problem of arthrodesis as in the patients with

injuries.

Case 5. This officer, a major, sprained his left ankle in April 1942, and continued to have pain and

swelling after that time. Roentgenograms showed a destructive process in the navicular. He was trans-

ferred to Fitzsimons General Hospital on November 2, 1944. Mantoux tests were positive, but there was

no active pulmonary disease. The jDatient w’as kept at rest. On January 23, 1945, the navicular was

excised and a Dunn arthrodesis was performed bj' di.splacing the foot backwards. The pathologist re-

joorted t3"pical tuberculosis of the navicular. At the time of discharge, six months after operation, the

patient w'as w'alking with a normal gait, with good ankle motion, and without pain.

Case 6. On April 2, 1944, this nurse, a .second lieutenant, was thrown from a horse and fractured her

tarsal navicular on the right. The foot was placed in a cast for six weeks, then .she gradually became

ambulatory and, after four weeks more, returned to duty. At first .she had only mild aching pain; but

began to have more severe pain, which was ])rogre.«sivc. She was admitted to this Hospital on January 5,

1945. On March 5 a triple arlhr'odo.''i.s, jilus arthr'odesis of tire crrnconavictrlar joints, was performed. Two

months later full weight-bear'ing was pos.'-ible in a cast, rtnd there was good bon}^ union. All immobiliza-

tion was discar'ded, and thr'ee nronths after the oper’ation .‘•he Wits bearing fttll weight without a limp,

w'ithout pain, and with good ankle motion (Figs. 4-A, 4-B, itnd 4-C).

Case 7. On January 14, 1945, this soldier, a ludvatc, .stt.slaincd a compottntl fracture. of the tarsal

navicttlar when his rifle accidentall.v dischitrged. The wortnd of entrance was on the dor.«omedial aspect

of the foot, and the wound of exit on the irhintar .surface. After debridement, a plaster cast was applied

and maintained until arrival at this Hospital, April 23, 1945. Immobilization was di.scontinued graduall.v,

and a program of progre.s.sive activil.v was started. Pain per'sisted in the rnid-tar.«al area and gradually

became woi’se, associated with a marked limp. On September 15, 1945, a tri])le arthi‘ode.sis, plus fusion of

the cuneonavicular joint, was performed. In January 1946 the jratient was bearing full weight without

support, and at the time of dischai'ge, in March 1946, ho had no pain and walked without a limp.

From the cases just described, it is ajiparent tliat traumatic arthritis is a very common

sequel to fracture-dislocation of tlic tarsal navicular. In the author’s opinion, the results

obtained in cases of triple arthrodc.sis jtlus arthrodesis of the cuneonavicular joints are

superior to the results obtained after fusion of only the involved joints. On the basis of

Fig. 4-A

Case 6. Dislocation and fracture of tire navicular.

the journal of bone and joint sukc
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Fig. 4-A

N. P. Four months after compound fracture of left third metacarpal. Loss of bone substance
is evident.

Fig. 4-B

Three months after “latch” graft has been inserted.

the tiough, both prolongations will be well engaged in the medullary canals of the frag-
ments; they act as intramedullary grafts, but do not fill the entire medullary cavity,
inasmuch as the graft is cut slightly thicker than the width of the trough, a tight fit is
0 ame

, as in a well-applied inlay graft. Bone chips or slivers are packed around the
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such a small series of cases, however, it is not logical to advise the more extensive arthro-

desis in every case of fracture or dislocation
;
there will certainly be cases in which this is

not necessary. For example, in the case of an acute injury where open reduction is indi-

cated, the circulation of the foot and the general tissue reaction may contra-indicate an

extensive surgical procedure. In such cases it is conceivable that the localized arthrodesis

would be the procedure of choice. The author does feel, however, that in the absence of

such circumstances the triple arthrodesis, plus arthrodesis of the cuneonavicular joints,

offers the best assurance of eliminating pain in the foot, and that it should be carried out

in all cases of traumatic arthritis about the navicular.
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THE TREAI'MENT OF INJURIES TO TARSAL NAVICULAR

BY MA.70n A. JACKSON DAY

Medical Corps, Army oj the Dinted Slates

From the Orthopaedie Seetion, Fitzsimons General Hospital, Denver, Colorado

Injuries of the tarsal navicular are relatively uncommon, but are important because

of the marked disability which usually results. Wilson has stated that fractures of the

tarsal navicular represented 0.26 per cent, of all injuries in the large group of fractures

rciiorted by him. The literature is singularly devoid of information concerning fractures

of the navicular, and many times the subject is dismissed with the statement that manip-

ulation and immobilization by cast provide the only treatment. Traumatic arthritis in

this portion of the foot, however, often becomes very crippling, and the frequency with

which the arthritis occurs after injuries to the navicular seems to indicate that the initial

treatment is often inadequate.

Injury to the tarsal navicular may occur in various ways. It may be caused by a fall

onto the foot from a height, with a resulting crushing injury to the bone. The presence of

plantar flexion at the time of impact, or acute plantar flexion alone, may cause a rupture

of the dorsal ligaments and fracture of the inferior portion of the navicular, along with

dorsal dislocation. Acute inversion and adduction of the foot may produce fracture-

dislocations in the same manner.

Berman, in 1924, reported a case of dislocation of the navicular which was treated by

manipulation; after one year this patient still had pain whenever he was on his feet for

too long a time. In a review of the literature, Berman reported twenty-seven cases, which

were treated as follows; In eight cases reduction was achieved by manipulation; in four

cases open reduction was done; four cases were treated by excision of the navicular; in eight

cases no reduction was done; two cases were treated by amputation of the foot; and in one

case no record could be found.

The wide variation of treatment indicates uncertainty concerning a satisfactory

method. This study was, therefore, made in an effort to outline a satisfactory plan of

treatment.

The most conservative method of treatment—that is, manipulation to reduce the

fracture and dislocation—should certainly be attempted as an initial procedure. Hender-
son points out that considerable force may be necessary to restore the fragments to their

normal positions. Cases have been reported by Penhallow and by Lehman and Eskeles, in

which manipulation produced a good reduction and, after immobilization in plaster casts,

good functional results were obtained. However, when some deformity of the navicular
remains after manipulation, it is likely that traumatic arthritis will occur and will require
an arthrodesing procedure. Since the talonavicular joint is continuous with the subtalar
joint, the motions of inversion and eversion of the foot are disturbed by abnormalities of
the surface of the talonavicular joint. Severe pain on weight-bearing and prolonged, per-
manent disability will result. In addition, bony prominences, secondary to persistent dis-

placement of the fractured fragments of the naAucular, tend to become painful.

Wilson has recommended that, when the patient is seen early, a closed reduction be
attempted with fixation for six to eight weeks. He further recommended that, when com-
plete reduction cannot be accomplished or when the patient has been seen after eight or
ten days, arthrodesis of the talonavicular joint be advised. He felt that motion at the
cuneona,vicular articulation is so slight that arthrodesis of that area does not seem neces-
saiy. Six patients treated by fusion in this area were reported; five had good results and
one had a fair result.

Crossan reported two cases of untreated fractures, in both of which the navicular -was
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had a bieecli deliveij', with tiauma to ll.c left aim The mother stated that tlie aim had been dislocated

duiing delivei}', and had been stiapped to the infant’s side foi one w’eek.

Physical examination showed atioph}’ and maiked shoitcning of the left biachium, as compared

wnth that on the opposite side Abduction was possible to 45 degiees The shoulder easily became dis-

located posteiioiljx Roentgeiiogiams showed maiked laius of the hiimeial neck, with closure of the

medial poition of the einphvscal plate (Fig 4-A) Motion was maikcdly lestrictcd in all diiections

(Fig 4-B).

On Decembei 5, 1934, a wedge ostootom}* of the neck of the loft luimems wms done. The arm was

abducted while the head was maintained in jioMtion, thus collecting the \auis deformitjn A plastei

shoulder spica was applied with the aim m 90 degiees of abduction Si\ weeks after opeiation the cast

w’as bivalved, and active and passive exemses weie begun One week latci the fast was leinov'od, and a

Fio 4-C

Tliii teen inonllis after opeiation.

Fm 4-B

Bcfoie coned ion.

Fig. 4-D

Thiitcen months after opeiation

Trrn jounisrati of bone and joint surge
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Casi: 1.* On .T\inc 28, 1912, lliis )iiili('n(, nurd Iwc'iily-.M'vrn, nccidontnlly foil !i dislancp of nbotiL

Uveuly feet, lauding on both feet. He .sustained fraetiire.s of the tarsu.s on Uic right and fraclure.s of tlic

metatarsals on the left. Roentgenograms of the right foot showed dislocation of the navicular, fracture-

dislocation of the cuboid-metatarsal joints, and fractures of the necks and heads of the second, third,

fourth, and fifth metatar.«als. Skel-

etal too traction was apirlied and

a manipulation was performed. Tin'

dislocation of the navicular was

reduced easily, but likewise be-

came rcdislocated easily. On July

11, open reduction was performed;

arthrodesis of the talonavicular and

cuneonavicular joints was carried out.

a small vitallium nail, driven through

the navicular into the talus, being

used to maintain position. Other pro-

cedures were employed on the other

injuries. Weight-bearing was started

after eight weeks, and immobilization

discarded three weeks later. This pa-

tient continued to have some mild

pain after five months, but it was

difficult to ascertain the origin of the

pain because of his multiple injuries.

A late follow-up was not obtained.

There was marked limitation of in-

version and eversion of the foot.

This case demonstrates the

difficulty in obtaining and main-

taining reduction of a dislocated

naAucular.

Case 2. On Februarj’’ 15, 1944, Fig. 1-B ‘

^ . - V.

this private first class accidentally fell Demonstrating solid.bony fusion, ten months after-arthro-
'

from the -R’ing of a grounded airplane desis of the talonavicular and cuneonavicular joints. An
and landed on his left foot, sustaining inlay tibial bone graft was used,

a simple fracture-dislocation of the - '

navicular. On the following day a closed reduction was attempted, but was unsatisfactoiy
. (Fig. 1-A).

On Februarj^ 28, an open- reduction was performed and .an arthrodesis of the t.alonavicular and cuneo-

navicular joints was carried out; an inlay tibial bone graft across these joints was used. Six weeks
later gradual weight-bearing in a cast was started. The cast was discarded after four months and the

soldier gradually became ambulatory without svrppoit. At the time of discharge froni the Sospital,

December 16; 1944, the patient was walking, and complained of a very mild pain in the left foot

(Fig. 1-B). He had complete ankylosis in the area of the operation, without appreciable inversion or

eversion of the foot. Good ankle motion was present.

These two cases represent the difficulty-in maintaining reduction after manipulation,

and demonstrate arthrodesis of the localized area,—that is,' the talonaAdcular and cuneo-

navicular joints. In both cases, little or no inversion or eversion remained. It is believed

that some of the pain was derived from arthrodesis of only two joints instead of arthrodesis
of all the inverting and everting joints. Furthermore, it is felt that an undue strain is thus
placed upon the fused area. -

There has been much discussion in- the literature regarding the interrelationship of
motion betAveen the talonavicular; talocalcaneal, and calcaneocuboid joints.- Some authors
have advised subtalar arthrodesis for fractures in this area, such as fracture of the calcaneus,
while others state that if subtalar arthrodesis is indicated, a triple arthrodesis should' be
performed because of the interrelationship of motion. In the problem being discussed, the

* This patient was treated by the author at the University Hospital, Ann Arbor, Michigan.
VOL. 29, NO. 2, .U>RIL 1947



AUTONOMIC CONTROL OF SYNOVIAL-FLUID REACTION

BY C. I. REED, PH.D., HERMAN JOFFE, M.D., AND NOR^rAN R. JOSEPH, PH.D., CHICAGO, ILLINOIS

From Ihc Departments oj Physiology and Orthopaedic Surgery,

University oj Illinois, Chicago Colleges

In an earlier investigation, determinations were made of the pH clianges in the

s3’-noviaI fluid of dogs in relation to blood pH and to various other phj^siological and chem-

ical conditions.” Certain mechanisms involved in the exchange of fluid and electroljdes

between blood, tissues, and joint cavity were inferred from the nature of these relations.

In order to elucidate the effects of autonomic vasomotor controls on the electroljde ex-

changes, the method of perivascular sjunpathectoinj" of the femoral vessels has been

applied. Comparison of responses of the normal joint with those of the joint on the

denervated side in the same animal has permitted a tentative evaluation of various factors

involved in fluid and elcctrolx'te exchange. It is the purpose of this paper to determine the

nature of the autonomic regulation of normal balance in these tissues. As an index of

changes within the joint, the pH of the sxmovial fluid was followed over a pei’iod of time,

as in the earlier studjL

METHOD

The determinations of jiH in blood and sj'novial fluid were made as in the earlier

investigation, except for one modification. The method was to insert a needle reference

electrode into the sjuiovial fluid. A capillarv glass electrode, mounted

in the needle, al.^o made contact with the fluid. The needle was

electricalty insulated on the outside bx' ap])lication of a lacquer

^ As AgCl 'vhich was resistant to heat and moisture. It was silver plated in-

side bj’ electrolysis of dilute potassium silver cyanide. Silver chlo-

ride was deposited bj* electroh'sis of dilute In’drochloric acid. The

HCL g^‘'^ss electrode was prepared as a veiy fine cajiillary, and filled with

tenth-normal hj'drochloric acid. The end of the capillaiy was care-

fulty sealed in the flame of a mici’o burner. A silver-silver chloride

Cv
• ' electrode, jirepared from 18-gauge silver wire, made contact with

H ; P the acid. The pH was determined bx' means of a x'acuum-tube

V:] electrometer. The results xx'ere calculated, as in the earlier work,

'— elective calibration against standard solutions. The two electrodes xvere

assembled as shoxvn in Figure 1.

[
In the present xx’ork, the capillaiy glass electrode xvas mounted

• Glass
needle electrode bj”- means of a short piece of thick-xx’alled

p electrode rubber tubing, attached to the upper end of the needle. The tubing

; replaced the syi'inge barrel, used for that purpose in the prexnous

;
xx'ork. The needle xx'as inserted into the knee-joint caxdty in such

i
a manner that it stood in a nearl}’- xmrtical position xx’hen the glass

: electrode was mounted. It xvas unnecessaiy to remox^e the electrode

;
at an}’- time during the course of an e.xperiment. The rubber tubing

Fig. 1 is a connection of sufficient elasticity to alloxv for unexpected nioxe

Glass-electrode as- inents of the knee joint, xx'ithout danger of breaking the glass elec

pH^detelminationr ^rode. Electrodes used in the determination of blood pH weie

mounted in a similar manner, but the needle electrode x\ms
p

^

mitted to lie flat in a horizontal plane, resting on a pad of cotton. The pH determination

xvere carried out as described prexdousljL Electrodes xx’ere calibrated on standard solu ion-

at 37 degrees centigrade.

* This inx-estigation xvas supported, in part, a grant from Nutrition Research Laboiatones.
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overseas, lie anived at Filzsinions General llospilal on July IG, 1944. There was moclcrnle stiffnes.s of

the tarsal joints, bu(, all wounds had healed, llocntgcnonrains showed a comminuted fracture of the

navicidar with fracture of (he ba.so of the fir.st cuneiform. It gradually became evident, because of the

traumatic arthritis and malunion, that arlhrodo.si.s was ncces.sary. On October 20 a triple arthrodesis was

performed with e.xcision of (he remaining fragments of the navicular and displacement of the talus

forward to articulate with the cuneiform bones. By January 23, 1945, the arthrodesis was solid clinically,

and roentgenograms .showed early bony union. The patient had some limitation of motion of the ankle

joint, but by April 1915 he walked without limp or pain. A good result was obtained.



372 C. I. REED, H. JOFFE, AXD N. R. JOSEPH

TABLE II

Comparison of Normal and Denervated Sides Following Stimulation

Dog
No.

Joints * Resting
pH

pH Determinations at the Following Interi'als

After Stimulation;

1 Min. 5 Min. 10 Min. 20 Min. 30 Min.

6 N 7.43 7.28 7.28 7.42 7.44

S 7.46 6.92 6.86 7.11 7.10

7 N 7.28 7.12 7 07 7.20 7.25 755
S 7.20 6.87 6.65 6.75 6.80

s N 7.24 6.94
1

6.98 7.18 725
S 7.2S 6.65 6.63 6.70

9 N 7.33 7.10 7.17 7.25 7.30 7.35

S 7.36 7.13 7.13 7.22 7.22 753

N 7.46 6.91
j

6.90 7.16 7.22 753
S 7.24 6.89 1 6.78 6.62 6.58 6.60

13 N 7.2S 7.13 ‘ 7.10 7.24 7.32 7.32

S 7.30 7.17 . 7.17 7.15 7.16

14 N 7.45 7.32 7.38 7.40

S 7.37 7.15 7.13 7.10

15 N 7.29 7.0,5 7.14 7.19 7.29 7.32

S 7.24 7.00 6.97 6.94 6.98 7.00

16 N 7.41 7.22 7.20 7.43

S 7.31 7.09 7.14 7.13 7.16

IS N 7.33 7.10 7.15 7.18 725 754

S 7.24 7.02 7.00 7.07 7.12 7.13

* A denotes normal side, S syiniiatliecfomized side.

fluid pH. At tlic time of the final experiment, constriction of tlie femoral blood vessels and

mild oedema distal to the surgical site were clearly evident.

The operation was performed in the following manner: An incision was made parallel

to the femoral vessels, and the adipose tissue was separated from the A’essel sheath., fly

sharp dissection, the sheath was carefully removed from the femoral vessels, and the over-

lying structures were closed with interrupted sutures.

One week after the performance of the perivascular symjiathectomy, the electrometric

pH determinations within the joints and veins were made. The femoral nerves, arteries,

and veins were exposed on both sides. Both femoral nerves were cut and tied, ]ireparatory

to stimulation. Four sets of electrodes were inserted, one into each knee-joint cavity under

the patella, and one into each femoral A’ein. The electromotive force of each was detei-

mined for a period of ten to fifteen minutes, until the values of all became constant to two

or three millivolts (0.03 to 0.05 pH).

Each experiment had as its objectiA'c the comparison of the effects of nerve stimula-

tion and muscle contraction on the joint pH of the two sides. The blood pH was also fol-

lowed on both sides. After peripheral faradic stimulation of each nerve for one minute,

the corresponding pH values of joint and blood were read at short intervals for a perio

of thirty minutes or more. The two joints were compared with respect to the initial p

change after stimulation, and with respect to variations of pH OA-er the entire period.

fiA'e experiments, acute perivascular sjunpathectomy Avas performed on the normal si e

after its responses had been studied Avith the sjunpathetics intact. Immediately a e

s3’'mpathectomy, the response to nerve stimulation and muscle contraction Avas studie

comparison with data obtained as described. The complete record of such an e.xpeiinien

is giA^en in Table I.
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TABLE II

Comparison of Normal and Denervated Sides Following Stimulation

No®

1

Joints * Resting
pH

pH Determinations at the Following Intervals

After Stimulation:

1 Min. 5 Min. 10 Min. 20 Min. 30 Min.

6 N 7.43 7.28 7 28 7.42 7.44

S 7.46 6.92 6.86 7.11 7.10

7 N 7.2S 7.12 7 07 7.20 7.25 7.25

S 7.20 6.87 6.65 6.75 6.80

S N 7.24 6.94 6.08 7.18 7.25

S 7.28 6.65 6.63 6.70 6.70

9 N 7.33 7.10 7.17 725 7.30 7.35

S 7.36 7.13 7.13 7.22 7.22 7.33

10 N 7.46 6 91 6.90 7.16 7.22 723
S 7.24 6.89 6.78 6.62 6.58 6.60

13 N 7.2S 7.1.3
j

7 10 7.24 7.32 7.32

S 7.36 7.17 ! 7.17 7.15 7.16

14 N 7.45 7.32 7.38 7.40 7.40

S 7.37 7.15 7.13 7.10 7.10

15 N 7.29 7.05 7.14 7.19 7.29 7.32

S 7.24 7.00 6.97 6.91 6.98 7.00

16 N 7.41 7.22 7.29 7.40 7.43

S 7.31 7.09 7.14 7.10 7.13 7.16

IS N 7.33 7.10 7.15 7.18 725 724

S 7.24 7.02 7.00 7.07 7.12 7.13

* ;V denotes nonnnl side, 3 symiiallioctoinized side.

fluid pH. At tlic time of the final experiment, constriction of tlic femoral blood vessels and

mild oedema distal to the surgical site were clearly evident.

The ojieration was performed in the following manner: An incision was made parallel

to the femoral vessels, and the adipose ti.'ssue was separated from the vessel sheath.- fl.v

sharji dissection, the sheath was carefully removed from the femoral vessels, and the over-

lying structures were closed with interrupted sutures.

One week after the performance of the perivascular sym]iafhectomy, the clectroinetnc

pH detei’ininations within the joints and veins were made. The femoral nerves, arteries,

and veins were exposed on both sides. Both femoral nerves were cut and tied, preparatoi)'

to stimulation. Four sets of electrodes were inserted, one into each knee-joint cavity under

the patella, and one into each femoral vein. The electromotive force of each was detci-

mined for a period of ten to fifteen minutes, until the values of all became constant to two

or three millivolts (0.03 to 0.05 pli)

.

Each experiment had as its objective the comiiarison of the effects of nerve stiniula

tion and muscle contraction on the joint pH of the two sides. The blood pH was also o

lowed on both sides. After peripheral faradic stimulation of each nerve for one ininii e,

the corresponding pH values of joint and blood were read at short intervals for a pei

of thirty minutes or more. The two joints were compared with respect to the initial

change after stimulation, and with respect to variations of pH over the entire peno

five experiments, acute perivascular syinpathectom}’' was performed on the normal si

J
after its responses had been studied with the sympathetics intact. Immediately a

sympathectomy, the response to nerve stimulation and muscle contraction was stu le

comparison with data obtained as described. The complete record of such an expeiini

is given in Table I.
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HUMERUS VARUS FOLLOWING BIRTH INJURY TO THE PROXIMAL
HUMERAL EPIPHYSIS

BY BKO S. LUCAS, AI.D., AND JOSEPH H. GILL, M.D., PORTLAND, OREGON

From the Shrhcrs’ nnspilal for Crippled Children, Portland

Two identical and unusual cases of humerus varus have been observed in the Shriners’

Hospital. A search of the literature has failed to disclose the report of a similar deformity

in the relation of the head to the neck of the hu-

merus. In both cases, the involved brachiuiu was

markedly shortened and had associated limitation

of motion, especially of abduction. In one case there

was a definite history of trauma to the arm at birth

;

iiw t\w ottwY ftase. wo of fwiwvy oowld be, ob-

tained. However, in Anew of the absolute similarity

of these cases, the authors believe that trauma at

birth was the etiological factor in each. The roent-

genograms showed marked varus of the head, in

relation to the shaft, of the humerus. There was

marked narrowing of the neck distal to the epi-

physeal plate, which was patent laterally and oblit-

erated medially. This partial epiphyseal oblitera-

tion explains the shortening of the humerus and

the varus of its neck, which resulted in greatlj’’ re-

stricted motion. It was thought that the injury to

the epiphysis probably occurred as a result of too

vigorous effort on the part of the obstetrician in

liberating the arm at the time of delivery. The de- Fig. 1

Fig. 2 Fig. 3

Fig. 1 : Drawing of the head of the humerus, before operation. The small fragment shown is the
thin shell of bone, removed at osteotomy.

Fig. 2 ; Shows the approximation of fragments and the abduction after osteotomy.
Fig. 3 : Shows the arm in position of abduction, after healing has taken place.

formity was corrected by wedge osteotomy, abduction of the arm (Figs. 2 and 3), and
application of a shoulder spica. Primaiy union occurred in both cases, with excellent
functional results.

Case 1509, L. M. The patient, a thii teen-year-old white male, entered the Clinic on September 6,
1934, with a camplamt of disefcihAy Ahe MA sho-oVto, giad-Qa'Ay increasing since birth. The child h
von. 29, NO. 2, APBIL 1347,
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tion. Therefore, maintenance of normal fluid and electrolyte balance in the joint cavity

depends upon Amsomotor control of the autonomic nervous system.

N'ote: The authors are indebted for advice, .suggestions of value, and important assistance to
F. A. Chandler, M.D., and Warren S. McCulloch, M.D.
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SECONDARY CLOSURE OF H'OUNDS ASSOCIATED WITH
COiMPOUND FRACTURES

BY MAJOR JA.ME.S 0. BARR *

.1 / rdirril Cor/h-i, Ariin/ o] the Vnilnl Staten

This rejuirt consists of an analysis of 195 cases of compound fracture, comprising a

total of 289 wounds. All of the wounds under consideration communicated directly with

the fracture site. The primary iturjtose of the investigation was to find the factor or fac-

tors most responsible for successful closure of a wound, and to determine what caused a

wound to break down,—partially or completely. A further consideration was whether or

not secondaiy closure contributed to, or helped prevent, the development of osteomyelitis

in compound fractures. In this paper osteomyelitis lias been classified as follows: (1) ^

localized infection clovcloping in tlie bone at (he base of (be wound has been considered as

localized osteom3mlitis; and (2) a diffuse infection sju’eading (hrough the bone bej’’ond the

traumatized area has been considered as di/fusc ostcoinycUtis.

In general, all wounds compounding fractures, treated in the DOth General Hospital,

were closed wholly oi- in jiai’t. A few cases wei'c rejected on the basis of ]n’ofuse purulent

di'ainagc and sloughing, excessive skin loss, and, in two cases, of Bacilhis xcelclui infection.

Therefore, of the 195 cases, eighteen were rejected, leaving a total of 177 cases with 262

wounds. In other words, 90.5 per cent, of the patients with compound fractures underwent

secondary closure.

PreoperatiAm preparation was based primarilj’- on the general condition of the patient.

In onlj'^ a few instances Avas the condition serious enough to require immediate treatment.

The patients Averc giAmn a period of tAvcntj'--four liours in AA'hicii to rest and rccupeiate

from the rigors of traA-el. This Avas found to be imirortant in the general care, as aa'cII as in

the mental and physical effect on the patient. Patients aa'Iio had scA'cre loss of blood an

plasma, particularly as a result of large, gaping Avounds and large bone fractures, aaci'C

giAmn blood and plasma, as nccessaiy.

The operative technique Avas essentially the same for all patients. The skin

ing the AVOunds Avas cleansed thoroughly AAuth soap and Avater, shaAmd, and treate aai

* Foi-mc'rly Chief of Oilhoi)aedic Service, llOlh General Hobihtal.
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Fin. 5-A

G. .1. Upforo coiTpction.

Fig. 5-B

Before correction.

'r

Fig. 5-C

l''if|ppn months after opeiiition.

Fig. 5-D

Fifteen months after operation.

platform splint was applied. After five weeks, the splint was discarded and the patient was discharged,

with excellent function of the shoulder joint.

Thirteen months after operation the patient returned for a final check-up, which showed excellent

function of the shoulder (Figs. 4-C and 4-D). Active abduction was possible to 160 degrees, and flexion

and extension were normal. The muscle strength was good.

Case 2776, G. J. The patient was a thirteen-year-old white boy, who entered the Clinic on Sep-

tember 2, 1943, with a complaint of shortening and limitation of motion of the left brachium. His

parents stated that the deformity had gradually inci eased since infancy. No definite history of trauma,

either at birth or thereafter, was obtained.

Physical examination showed marked shortening of the left brachium, as compared with that on

the other side. Marked limitation of motion about the shoulder joint was observed, and passive abduc-

tion was possible only to 80 degrees. Considerable weakness of the shoulder muscles was present. Roent-

genograms disclosed closure of the proximal epiphyseal plate on its medial aspect and patency laterally

(Fig. 5-A). Marked shortening and varus of the humeral neck_were present.

On October 20, 1943, a wedge osteotomy of the area of the deformity was done. While the head was
held in position, the arm was abducted to 90 degiees with resultant correction of the deformity. A left

shoulder spica was applied while the arm was in this position. Two weeks after operation, the cast was
bivalved and removed. The arm was placed on a platform splint in 90 degiees of abduction, and phj'sical

therapy was started. One month after operation the splint was removed. At this time the boy was able
to abduct his arm actively to 170 degrees; rotation, flexion, and extension showed mmimum restriction.

The patient returned fifteen months after operation for a final check-up, at which time he had a
complete range of painless motion and normal muscle strength (Figs. 5-C and 5-D).

\OL. 29, NO. 2, .IPRll, im?
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table II

Relation of Hemoglobin Determination to Percentage of Wound Closure

Hemo-
globin

(Per Cent.)

Closure of Wounds
{Per Cent.) Total

No. of

Cases

Closure of

90 Per Cent,
and Over
{Per Cent.)\ 100

1

90 80 70 60 50 40
1

30 20 10 0

30 to 39 2 1 1

i

4 75*

40 to 49 1 2
1 1 4 75*

50 to 59 6 2 3 1 4 1 4 21 38

60 to 69 28 2 3 2 2 3 2 42 71

70 to 79 34 2 1 42 93

SO to 89 88 7 2 1
1

2 100
1

95

Totals 159 19 10 4 8 A
1

1

1

I

1

8 213 83

* This group is considered not large enough to be significant.

over. On the other hand, of 103 comparable wounds that were closed without either drug,

ninety-one (88 per cent.) remained healed 90 per cent, or over.

These statistics shoiv definitely that there was no appreciable difference in wound

healing in the cases treated with sulfadiazine and penicillin and in those in which no

chemotherapy was given. It should be mentioned, however, that wounds receiving no

chemotherapy were usually small, and that the general condition of the patients was good.

On the other hand, enough wounds, both medium and large, held satisfactorily without

liemotherapy to make the author believe that chemotherapy, administered during the

rocess of closure, had little or no advantage. All patients received sulfadiazine during

’•acuation, however, and many had penicillin in addition.

•rythrocyte Count and Hemoglobin

In correlating the effectiveness of closure with the blood picture of the patient on

admission, it was seen that, in general, the better the red-blood-cell count and the hemo-

globin value, the better chance the patient had of a final closure of 90 per cent, or over.

The estimations of the red blood cells and hemoglobin were made separatel.y, and closely

paralleled each other in their conclusions (Tables I and II).

Location of the Woimd

As work progressed on these secondary closures, it was soon evident that the anatomical

location of the wound was an important factor in determining not only the wounds which

could be closed initiall)'-, but also the final percentage of closure. The best results were

obtained in regions where there was an adequate amount of subcutaneous tissue and good

elasticity or mobility of the skin; on the other hand, in areas where the cutaneous tissue

was of poor mobility, the mechanical disadvantage thereby created caused a greater diffi-

table III

Analysis op Type of Discharge from Wound

Discharge

Closure of Wounds
(Per Cent.) Total

100 90 80 70
j

60 50
1

40 to 10 0

Serous 66 4 1
1

1

1 72

Scrosanguineous 99 11 5 3
1

4 3 4 129

Seropurulent 23 9 6 4
i

5 3 4

4
Purulent 1

Totals 188 24 11 8 10 7
1

11
I

259

Closure of

90 Per Cent,

and Over

{Per Cent.)

97

85

60

0

82
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Time
{Mvuitcs)

2

4

5

6

7

S
9

10

111
13-14

141

151

161

171

IS

19

191
20
201
21

2U-22V

TABLE I

Stimulation Blcovuiiy Cuiivr: on Doa No. G’*'

IiII DcleiTninalions

7.47

Slimulatioii of liglit femoral iieive foi 1 minute

Rif/lil K)icc Right Vein Lcjl Knee Lcjt Vein

7.46

7.38
V.'io

7.4G

7.49

7.43

— 7.43

7.50

7.4G
minute

7.51

Stimul.'ilioii of loft femoral ncivc for 1— 7.28

7.25

7.28

7.45

7.36

7.38

7.40

7.44
7.54

231 6.92

25 7.11 ....

26 6 86

27 7.19

28 6.78

29i 7.37

30i 6.90

32 7.11

33 7.11

34 7.49

351 7.16

361 7.16 ...••

37 Perivascular sj'mpathectomy of left femoial vessels begun
39 7.44

40 i 7.10 7.46

41 Sympathectomj' completed
42-43 Stimulation of left femoial neive for 1 minute
431 .... 7.10 7 20
45 7.10

46 7.40

481 7.10

49 7.08

51 7.43

531 7 06
54-55 Massage of left knee for 1 minute
551 7.10

57 7.40
58 7.13
63 7.18
64 7.15 7.43

* Peiivasciilai sympathectomy of right side was caiiied out on April 3; final experiment was done
on Apiil 10, witli nembutal as the anaesthetic.

EXPERIMENTAL STUDIES

The method of perivascular sympathectomy, as applied to the study of pH changes in

synovial fluid, has the following purposes: The operation modifies circulatory control
distal to the surgical site, since vasomotor impulses normally conducted by the fibers are
interrupted, thus modifying the water and electrolyte balance between joint cavity, tissue
fluids, and vascular tree^. Predominantly, the chronic result was permanent dilatation of
the capillaries, presumably with damage to the wall and flow of transudate into the tissues.

The operation was performed one week in advance of the observations on synovial-
VOL. 29, NO. 2, APRIL 1047
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necrotic material was more thoroughly performed. In the first series, diffuse spreading of

infection beyond the boundaries of the fracture site did not develop. In the second series,

there was one case (in a tibia) in which the inflammatory process spread beyond the fracture

site and became a typical diffuse osteomyelitis. In many of the cases in which a localized

infection developed, this cleared satisfactorily and the cavity became granulated, partially

or entirely, by the time the patients were transported to the United States.

The author believes that the value of secondary closure of compound fractures is defi-

nitely established. By closing the wound rather than allowing it to fill in with granulations,

the contour of the limb is re-established; the long period of granulation and skin-grafting is

eliminated; and the patient’s stay in the hospital is considerably shortened. Also of impor-

tance is the fact that fibrosis and fixing of the soft tissues around the fracture site are mini-

mized. In large gaping wounds, where the patient is losing large amounts of protein through

profuse drainage, secondary closure stoj^s this serum loss and remarkably improves the

general condition of the patient. In addition, secondary hemorrhages, which had previously

been a serious complication, practically disappeared.

The wounds which arc the most difficult to close initially and the most difficult to keep

closed are those in locations where the skin is tight and of poor mobility, and where there is

little subcutaneous tissue, ^^’ounds parallel in location—for example, on both sides of the

arms or legs—are also difficult to close, and remain closed ])oorly, because the loss of skin is

in such a position that too much tension is necessary to close both wounds. A procedure

which has been used satisfactorily to combat this condition was to close one wound and

place the limb in a cast. It was found that, in about a week, the oedema had subsided

enough so that the second wound could be closed with relative ease. It has been found pos-

iible to tie stay sutures under considerable tension, and the usual result is to find, the next

lorning, that much of the oedema in the wound has subsided and the stay sutures have

laxed to such a degree that they may have to be tightened.

CONCLUSIONS

1. Chemotherapy is probably of little or no benefit during the actual process of closing

wounds associated with compound fractures.

2. It is quite conclusive that, the better the blood picture, the better chance a patient

has for his wounds to heal.

3. It is believed that the age of the wound, in itself, has no particular significance with

relation to whether or not the wound remains healed.

4. The anatomical location of a wound is the most important factor both in the initial

closure of the wound and in the final result after the wound has been closed. Wounds in the

leg, particularly the lower third of the leg and around the ankle and foot, present the great-

est number of partial and complete breakdowns.

5. The type of wound discharge is probably not of great importance in the prognosis

of secondary closures. Those wounds which present a seropurulent or purulent discharge do

not heal so satisfactorily as those presenting a serous or serosanguineous discharge.

6. No one factor alone can be cited as being of prime importance in breakdowns.

However, the combination of anatomical location of the wound, the general physical condi-

tion of the patient on admission, and the type of wound discharge have been shown to be o

the utmost importance in the final outcome of these wounds.

7. The occurrence of diffuse osteomyelitis after the closing of compound fractures is

not to be feared, and the benefit derived from closing the wounds far outweighs the slig i

(0.5 per cent.) chance one takes of diffuse osteomyelitis.

THE JOURN.\L OF BONE AND JOINT SURCERl
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Fjg. 2

Stimulation recovery curves of pH. N denotes normal side, S sympathectomized side.

In ten additional experiments, effects of other variables—such as joint massage or

injection of weak acids or bases—were compared on the normal and denervated sides. In

these cases the effect of massage on the two knee joints was determined on the resting,

unstimulated joint, with the pH at a steady level in the physiological range (approximately

7.2 to 7.5) . Its effect was also studied immediately after stimulation and at various other

times during the recovery curve.

EESULTS

A. Recovery Curves

Four sets of stimulation recovery curves are shown in Figure 2. These have been

selected from all the observations to illustrate the range of effects on the normal and

sjnnpathectomized sides, and the various types of response that have been observed. The
effects of nerve stimulation on blood pH also have been noted on both sides in these

animals. In all cases the pH in the femoral veins fell sharply to a minimum in from one
to two minutes, and rapidly recovered, approaching the resting level within five or ten

minutes. Because of this relatively constant effect on both sides, differences in the recovery
curves of the blood pH cannot be related to differences of response in right and left

knee joints. The recovery of blood pH was invariably much more rapid than the recovery
of joint pH, on both sides.

In each of the four sets of comparative curves in Figure 2, the time origin is taken as

approximately the time of beginning of the stimulation. Actually, the two femoral nerves
were stimulated at different times, the second stimulation being applied from fifteen to
thirty niinutes after the first in oi’der to allow time for partial or complete recovery on the
pieHouslj'' stimulated side. The curves are drawn to the same time origin in order to
claiify the comparisons. In each of the four normal recovery curves in Figure 2, the initial

VOL. 29, NO. 2, APRIL 19A7
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difference in length was inconsequential, since the grafts were all of the same width and

were of full-thickness cortical bone. These grafts were cut from the subcutaneous surface

of the tibia; and, in one group, the graft was removed in its entirety and replaced, in order

to study the effects of replacing cortical bone grafts in the tibia. In the second group, a

cortical plug was removed and bone taken from the ilium was substituted. This iliac bone

contained its two cortical surfaces. In these instances the cancellous bone was placed in

contact with the medulla and the subcutaneous surface of the tibia. In a third group,

cortical grafts from the tibia were removed and not replaced. These served as the controls.

Into defects created by the removal of bone from the ilium, cancellous bone and cortical

bone were inserted to study their comparative reactions. -

'

The animals were anaesthetized with cvipal, given intraperitoneally in the proportion

of 110 milligrams to each kilogram of body weight. Supplementary novocain was some-

times required. Death from anaesthesia occurred in a few animals. Osteotomes and

motor-driven saws and drills were used to section the bone, and closure of the wounds was

effected by cotton sutures. In order to prevent the animals from kicking and breaking

their legs, both sciatic and femoral nerves were infiltrated with novocain in some cases. In

others, neurectomies were performed. Fixation was secured by casts on Imth hind legs,

extending from the toes to the groin. This method of immobilization did not entirety

prevent breaking of the tibia, but fracture was less frequent. However, plaster fixation of

the hind legs of a rabbit interferes with its normal feeding habits, for apparently there is a

relationship between the use of the hind legs and digestion. Consequently, a high pro-

portion of our rabbits ate very little, and many died of starvation. For those that survived,

feed consisted of green cauliflower leaves, carrots, and preirarcd pellets wdiich constitute

a diet containing the necessary vitamins for normal rabbit development. The animals

were housed in small cages, and those that did not die of starvation were sacrificed at

intervals of four, seven, ten, sixteen, twenty-one, and thirty-five days; and autopsies were

performed immediately. From the fifty-two animals originally ])repared, forty-two grafts

were obtained for study as follows:

Cancellous bone—

7

Cortical bone with periosteum—

5

Cortical bone without periosteum—

8

Cortical and cancellous bone—12

Controls—10.

Discussion: In this group of experiments wc found a great difference in the behavior

of cortical and cancellous bone. In the former, there is very little difference between the

action of grafts with or without periosteum. Moreover, in this series of experiments, few

of the grafts with periosteum attached showed new-bone formation from the periosteum.

In the graft bed, wiiere the periosteum had been reflected without disturbance of its

circulation, there wms profuse new^-bone formation. At the end of ten daj’^s, the cortical

graft showed evidence of death by absence of cells in the lacunae. The Haversian S3
^stems

w'ere invaded by new vascular granulation tissue, wiiile the surface of the graft wms being

absorbed with evidence of osteoclasts in How'ship’s lacunae. The death of bone, its absoip-

tion and invasion by granulation tissue, and a process of creeping substitution with nev

bone formation, as described by Phemister, were cleaiij’^ displajrod. On the other hand, m

the cancellous graft at ten daj'-s, revascularization wms much more rapid, and if the tia

beculae wmre reached by the new”^ granulation tissue bj'- that time, a considerable nuni e

of them lived to produce new^ bone. In those parts of the graft wiiere nutrition w'as de aye

beyond the ten-day period, death usually took place. Even with death of the trabecu ae,

revascularization was more rapid than in the case of the cortical bone.
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apiilicd (o extremities with intact autonomic innervation. It was assumed tliat the effect

depended upon facilitation of tlic exchanges of fluid and electrolytes between joint cavity,

tissue fluids, cajhllarics, and lymphatics. In the present investigation a comparison of the

effects of massage on the normal and sympathcctomiKcd sides has shown some interesting

points.

The results of four massage experiments arc shown graphically in Figure 3. They

arc typical of a more extensive series, including ten animals. When a normal resting joint

with a pH in the range of 7.2 to 7.5 is massaged for one minute, the pH usually falls by

about 0.1, but recovers within a minute or two. The comparable effect on the sympa-

thectomized side is usually small or negligible (Fig. 3, A and C) . When, however, the

massage is applied to a joint, the pH of which has been previously displaced by femoral-

nerve stimulation and muscle contraction, as in the pH recovery experiments, the effects

are quite different on the two sides. When the knee on the normal side is massaged within

a few minutes after stimulation, the pH recovery is very rapid (Fig. 3, B and D)

.

Massage

applied to the knee joint on the sympathectomized side shortly after femoral-nerve stimu-

lation is found, on the other hand, to lower the pH even further (Fig. 3, B ) . This contrast

between normal and sjunpathectomized sides is found also when massage is applied later

in the recovery phase. Figure 3 {A, C, and D) illustrates the types of effect that were

found. In A, massage applied on the normal side ten minutes after stimulation increased

the pH inoderateljL In C, when applied on the normal side twenty minutes after stimula-

tion, it increased the pH moderately after a slight fall. On the other hand, when the knee

joint on the sympathectomized side was massaged twenty or thirty minutes after stimula-

tion, the result was generally a sharp fall of pH. A similar drop of pH occurred when that

joint was massaged within a few minutes after stimulation (Fig. 3, B)

.

DISCUSSION

The experimental results show consistent differences between the effects of nerve

stimulation on the joint pH of the normal and sympathectomized sides. These differences

are most pronounced with respect to the rate of recovery of pH in the resting period fol-

lowing stimulation. Response to massage is also contrasted on the two sides. On the sym-
pathectomized side, recovery of pH is relatively slow; and often there is none. On the
same side, the pH usually falls when the joint is massaged at any time subsequent to nerve
stimulation. These responses contrast markedly with those on the normal side.

As has been pointed out, these pH changes do not correspond to changes in the blood
pH, as observed in the femoral vein. In all cases, blood pH recovers rapidly on both sides
after an initial sharp drop following stimulation. Therefore, exchange of fluid and electro-

lytes between capillaries and joint fluids is not sufficient to account for the observed
differences.

Is it possible to relate these differences to other changes which occur following peri-
vascular sympathectomy? As has been pointed out, these changes include a disturbed
balance between tissue fluid and blood, and an impaired venous return. Both factors are
related to pH and electrolyte balance of the joint fluid, because of exchanges with the
tissue fluid. On hydrodynamic principles, fluid exchanges between blood, tissues, and joint
cavity depend on pressure gradients. From this point of view, the poor recovery following
stimulation on the sympathectomized side is related to the lowered pH following massage.
Duiing muscle contraction, acid metabolites are formed. Because of the circulatory im-
balance, they accumulate in the tissue fluids. Poor venous return from the joint and
e^hanges of tissue-fluid electrolytes with the joint fluid delay the recovery of the joint
pH during the resting period. Massage lowers the joint pH by forcing the acidic tissue
fluid into the joint cavity. On the normal side, massage increases the pH by facilitating
e.xc langes v ith both blood and tissue fluid, the pH of which recovers rapidly after stimula-
VOL. 29, NO. 2, APRIL 1947 .
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plaster-of-Paris was found to be unnecessary. Across the line of excision, grafts of can-

cellous or cortical bone were placed, one vertically and two horizontally, on the anterior

and lateral surfaces, respectively. In this group, grafts were also placed in the beds Mliicli

had been prepared. In addition, the defects in the ilium created by removal of the grafts

were used for the study of cortical and cancellous grafts laid in beds of pure cancellous bone.

Forty-five dogs were operated upon, thirty-two of which were used for study. From

the entire group of dogs, sixty-seven grafts were obtained. The types of grafts were as

follows:

Cancellous bone—16

Cortical bone from the tibia with periosteum—19

Cortical bone without periosteum—14

Controls—18.

The grafts were divided into the following sub-groups: (a) cortical bone with peri-

osteum in one leg as against cortical bone without periosteum in the other; (b) cancellous

iliac bone in one leg as opposed to cortical bone with periosteum in the other; fc) controls

as opposed to cancellous iliac bone; and (d) controls as opposed to cortical bone without

periosteum.

In this group of experiment.''’, specimens were obtained at five, ten. fifteen, twenty-one,

forty-two, and sixty days, respectively. The grafts I'cmoved for study were those which

had been fitted across the front of the line of excision and into the trough created by the

osteotomy of the tibial tubercle.

Dismssion: The stud}'^ of the cancellous and cortical grafts revealed the same changes

observed in the first two series of cxircrimcnts. Cortical bone dies, is gradually absorbed,

and then is replaced. A considerable part of the cancellous bone grafts live to form new

one. In those parts of the bone which are not rcvascularized sufficiently early, the

rabeculae die, and the process from then on is the same as in the cortical bone. "With

revascularization, new bone forms, the old trai)cculac are absorbed, and gradually the

original pattern of cancellous bone is restored. These cx]rcrimcnts offer support for the

use of cancellous bone as a grafting material at (he ends of the long bones, or in fusion of

joints where the bone of the host is of a cancellous type. Cancellous grafts placed in

intimate contact wuthin a bed of vascular cancellous bone are i-ajudly invaded by vascular

granulation tissue. This affords nutrition sufficientlj’- early for ju'omoting the growth of the

many osteoblastic cells lining the trabeculae over a wide area, with the resulting formation

of new bone. As a consequence, there is a rapid incorimration of the graft with union to

the host. Cortical grafts placed in cancellous bone live only on their endosteal surface,

which is of a relatively small area when compared to the endosteal surface and the nu-

merous branching trabeculae of cancellous bone. Furthermore, the major part of a dense

cortical graft must be invaded and rciilaccd. Union is comiiarativcl}'^ slow, and its deepei

portion rarely becomes an intimate jiart of its host. It remains as a strut of cortex lymg m

the surrounding cancellous bone.

These changes at the line of excision of the joint arc of interest. Immediately after

excision, a blood clot forms between the ends of the bone. This is replaced by vasculai

granulation tissue. Following in the w'akc of this granulation tissue, new bone is foiniec ,

which is evidenced by trabecular deposits of collagen, which arc lined bj'' osteoblasts.

Finally there is a complete replacement of the original area of the excision with bone o

cancellous pattern.

Series IV

In tills series of eight dogs, the spinous processes ivere e.xposed from the first o

seventh lumbar vertebra. The spinous process of the seventh lumbar vertebra was

_ m No used as a graft, as explained later. The spinous processes lom
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iodine ainl aleoliol. The skin edRcs were freshened, care lieing taken to remove as little

skin as possible. Skin flaps were undermined around the wound, until it was obvious that

further undermining would relax no more skin. Reflection of the flap was done in the plane

of cleavage between the subeutaneous tissue and the deep fascia overlying the muscles.

The depths of the wounds were ti'eated in the following manner: Those which had a

layer of debris and slough were debrided and cleaned until fresh, healthy tissue was pres-

ent. In the earlier cases, no fragments of any size which were still attached and in relation

to the fracture site were excised. Later it was found that wounds progressed more favor-

ably if considerable care was taken to remove all debris, such as the comminuted bone

fragments and foreign bodies in the depths of the wounds. As the last step, the wound was

irrigated thoroughly with normal saline. Stay sutures of bone buttons and steel wire were

used in most of the cases. These were jilaced in such a manner that the buttons were at

least an inch from the wound edges; it was found that they could be tied with considerable

tension without causing skin necrosis. The skin edges were approximated with interrupted

sutures of heavy silk, placed not closer than one-half inch apart. A small rubber tissue

drain was placed beneath the skin of each wound, and was removed on the third day. No
'attempt was made in any case to obtain a cosmetic closure.

The various factors which were considered of importance in this type of secondary

closure were carefulty recorded and analyzed statistically. These charts have been omitted

for the sake of brevity. In order to analyze the results statistically, a wound which stayed

closed 90 per cent, or over was arbitrarily selected as a base for estimating the percentage

of closure. In estimating the percentage closure of wounds, the approximation of skin was
used as a basis

;
but in a great many cases where the skin edges broke open partially, the

soft tissue beneath remained closed and kept the fracture site covered.

RESULTS

It was possible at the time of operation to close 227 of 254 wounds 90 per cent, or over.

Of these, 213, or 93 per cent., remained closed 90 per cent, or over.

Ej]ect of Chemotherapy

The value of administering chemotherapy during the closure of these wounds was in-

vestigated, with surprising results. The cases were grouped into (1) those receiving peni-

cillin alone, (2) those receiving sulfadiazine alone, (3) those receiving both penicillin and
sulfadiazine, and (4) those receiving no form of chemotherapy. Only four cases received
penicillin alone; in all of these the wounds healed, but the number of cases is considered
not large enough to be significant. Of seventy-six wounds, the closure of which was accom-
panied by the systemic administration of sulfadiazine, sixty, or 79 per cent., remained
closed 90 per cent, or over. Of fifty-two wounds closed in conjunction with the administra-
tion of both penicillin and sulfadiazine, forty (77 per cent.) remained closed 90 per cent, or

TABLE I

Relation of Erythrocyte Count to Percentage of Wound Closure

Red Blood
Cells

(.Millions)

Closure of Wounds
(Per Cent.) Total

No. of
Cases

Closure of
90 Per Cent,
and Over
(Per Cent.)100 90 80 70 60 50 40

i

1

20 10

1.0 to 1.95 3 B 6 83*
2.0 to 2.95 10 B 3 2i 50
3.0 to 3.95 51 B 3 68 82
4.0 to 4.95 96 8 H 2 112 93

Totals 160 17 10 3 B 8 210 84

* This gioup is considered not iaige enough to be significant.
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Fia. 1

Iliac graft at sixtj' days, witli dcatli of the graft brcaiiso
of poor contact with its bed. There arc no cells on the
surfaces of the trabeculae.

Discussion: In this group, si.v-

teen specimens were secured; they

may be divided into two groups,—

those in which the grafts were main-

tained in good position, and those

where displacement of the graft oc-

curred. In the latter cases, the iliac

grafts showed death with disappear-

ance of the bone cells from their

lacunae, slow revascularization, and

the delay of the formation of new

bone upon the dead trabeculae fFig.

1). These findings emphasize the

importance of maintaining accurate

contact between the graft and the

graft bed, regardless of the type of

graft utilized. Some interesting find-

ings were oljserved in studying the

graft bed in the divided tibia. Corti-

cal bone at the site of the osteotomy

showed widening of the Haversian

systems with early revascularization

and formation of new-bone trabecu-

lae. Tlicrc was also absorption of

bone by osteoclasis. This is the

])roccss of osteoporosis at the end of

the fragment, which occurs after

fracture. Fuidhermore, the perios-

eum, which had been reflected without disturbance of its ciimulation, proceeded with

refuse formation of new bone, in which the trabeculae were lined up in a plane at right

ngles to the old cortex. In one case where tlierc was i)oor fixation of the graft with no

ressure due to weight-bearing, specimens showed the same changes at sixty daj's as at

Fig. 2

Comparative studies at five days of cortical, cancellous iliac, and rib grafts in a dog.

A : Cortical bone with no evidence of re\-a.'«cularization.

t> \ Cancellous iliac graft with formation of new trabeculae.
i

•
-n- •> pi

C: Bib graft, showing trabeculae and cells on its surface, as disclosed in i'lg. o, o .
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cully in (ho inilinl closuvo and caused many wounds to break down, partially or completely.

Thus it was found lhat ]ioor i-osulls were obtained in the leg and foot. Here only 76 per

cent, and 82 per cent., respecliATly, of the wounds remained healed 90 per cent, or over,

whereas the resuKs obtained in all other wounds (e.vclusive of the hip) were successful by

this standard in 95 per cent, of 1 75 cases. These figures show that the tension factor is of

great importance, not only in (he initial closure of the wound, but also in the ability of the

wound to remain closed and heal by first intention.

Mature of (he Discharge

It was the author’s impression early in the scries that the type of discharge presented

by these wounds on admission affected their ability to heal without complication. There-

fore, wounds were tabulated according to the type of discharge,—namely, serous, serosan-

guineous, scropurulent, and purulent. Table III shows conclusively that wounds having

seropurulent or purulent discharges did not heal nearly so well as did wounds presenting

serous or serosanguineous discharges.

Time of Closure

It was at first believed that the earlier a wound was closed, the better the results would

be. This is true in making it possible for the surgeon to close the wound initially, because

the skin and underlying soft tissues have not had time to become fixed. This fact is of the

utmost importance, and cannot be stressed too strongly. However, the figures show that the

time element in itself does not affect the healing processes of the wound after its closure.

Failure of Closure

There were nine complete failures. Seven of the nine occurred in wounds below the

knee; six of these occurred in patients having an erythrocyte count of 4,000,000 or below,

four of whom had shown a hemoglobin of 70 per cent, or below; and five of the nine had

seropurulent or purulent discharges from the wounds. Although no definite conclusions can

be drawn from these facts, it is evident that a combination of the anatomical location, the

character of the wound discharge, and the general blood picture of the patient is of prime

importance in determining the final result.

Extensive Comminution

When these secondary closures were begun, the possibility that osteomyelitis might
develop underneath the closed soft tissues was considered. It was soon evident that osteo-

myelitis, in the usual sense of the word, was not going to be a problem. However, it was
noticed that certain wounds, particularly those which had severe comminution in a portion

rich in medullary bone, occasionally broke down and drained. This drainage at first was
usually a reddish-brown, odorless slough, which subsequently changed to thick, creamy,
light-yellow discharge, having the odor of necrotic bone and often containing small particles

of dead bone. This open and discharging wound became secondarily infected with outside

contaminants, resulting in a localized bone infection or a localized osteomyelitis, depending
upon how it is classified. In only a few cases did the wound show signs of acute inflamma-
tion before opening and discharging. The author believes that the majority of these break-
downs begin with sloughing of cortical and medullary bone, which, on disruption of the
wound, becomes secondarily infected by external contaminants. It is possible that, by more
thorough removal of these traumatized bone fragments, the incidence of this process can be
decreased.

In the first series of cases (September to December 1944)
,
this localized bone infection

occurred in 15.2 per cent, of the cases, while in the second series (January to March 1945) it

occurred in 9.5 per cent. This decrease .in incidence was probably due to two factors, the
most important being that the second series of cases was composed of less severe wounds
vith less traumatization of bone, and, second, that removal of bone fragments and other
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Compaiatn-e studios at Uvcntj’-one da3's of eoilical, cancellous, and iliac grafts in a dog.

A: Cortical graft, showing gianulation tissue invading the superficial Haversian system at areas
marked J.

B: Cancellous iliac graft with new-bone formation, as shown bj" increased width of old trabeculae
at 1, and formation of new trabeculae at 2.

C

:

Rib graft shown at 2] formation of new trabeculae at 1.

Coinpaialivo studies at si.\t.v da.v.s of cortical, cancellous iliac, and rib grafts.

A: Cortical-bone graft, showing advanced revascularization and the pioco.«s of creeping substitution.

B: Cancellous bone, showing advanced stage of new-bonc'forniation.

C

:

Rib graft in adwanced stage of new-bone formation.

RESULTS OF EXPERIMENTS

In the following paragraphs are suininarized oiir experimental findings.

In our earliest specimens of iliac bone, seen at three days after it was placed in the site

of an .osteotomy in the upper end of the tibia, the intratrabecular spaces were filled with

fibrin and red cells; this was secondary to the trauma caused by removal of the graft. At

the margins of the graft, very early vascular granulation from the graft bed was seen. At

five days, the new granulation tissue was observed growing across from the graft bed to

the graft. Just behind this granulation tissue of the graft bed, there was early proliferation

of osteoblasts upon the old trabeculae, and still deeper toward the graft bed new trabecu ae

were forming (Figs. 2, B and 3, 5^). At ten da^’^s the granulation tissue had thoroup }

invaded the average small graft, while in the larger graft, vascularization was incomp ee.

Furthermore, after ten days there was fresh evidence of incrustation and formation o ne
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THE EVALUATION OF CORTICAL AND CANCELLOUS BONE AS

GRAFTING MATERIAL

A Clinical and Expkuimkntal Study f

HY LKUOY C. AUUOTT, M.D.. lODWIN K. SCIIOTTSTAEDT, M.D.,

.lOlIN H. DEC. M. SAUNDEUS, M.IL, E.U.C.S. (eDIN.), AND

EHIODEIUC C. DOST, M.D., SAN EHANCISCO, CALIEOItNIA

From the Division oj Surrjcri/, Dcpminirnl of Orthopaedic Surgery,

University oj Calijoruia Medical School

In this article the writers wisli to record tlie results of their expci'iments on animals,

which were made with the idea of determining the relative values of cancellous and cortical

bone as grafting substances. Furthermore, they desire to present their findings regarding

the use of either type of bone or both types jointly in various conditions encountered by

the orthopaedic surgeon. These findings are based on expeilmental work, microscopic

studies of human grafts, and clinical observations. A review of the extensive literature on

the subject of bone-grafting and the various theoifies of bone formation will not be at-

tempted in this article. However, mention should be made of the pioneer work in this field

of Gallie, Pheinister, and Albee, whose publications remain outstanding contributions to

the fundamental knowledge of bone-grafting. In the text, reference is made to various

articles, some of which contain complete bibliographies on various phases of the subject.

Experiments on animals, which were made possible by a grant from the National

Research Council, extended over a period of three years. A detailed descrii)tion of these

experiments, which were carried out bj'- one of the writers (E. R. S.)
,
will be given in later

publications. There were five groups, as follows:

1. Cortical defects, which were made in the shaft of the tibia, were filled by grafts of

both cancellous and cortical bone.

2. Complete resection of a segment of the middle of the shaft of the radius was done,

and the defect was filled by grafts from the cancellous portion of the ilium, the I’ib, or the

cortex of the tibia.

3. Excision of the knee joint was performed, with supplementary grafts of cortical

and cancellous bone.

4. Iliac bone, cortical bone, and bone from the spinous process or the rib was placed
in split spinous processes.

5. Cancellous iliac bone was placed at the site of a transverse osteotomy of the tibia.

(Note: Controls were used in all of the groups of experiments.)

Series I

In the first group, rabbits were used. Most of the rabbits were young females, from
four to six weeks old at the time they were acquired. They were kept for three or four
weeks before operations were performed. Both tibiae were used. Cortical grafts cut from the
tibia varied in length from 0.8 of one centimeter to 2.8 centimeters, the width of each graft
being approximately one-half the breadth of the tibia. In this series, because of complica-
tions consisting of fractures of the tibia and infected wounds, there were not sufficient
animals for final comparative studies regarding the reactions in varying lengths of grafts.
V e were forced to group all of our grafts, therefore; and the results conranced us that the

June 2^T946^^
Annual Meeting of The American Orthopaedic Association at Hot Spring.^, Virginia,

Under a contract between I lie Office ofbcientifac Research and Development, Washington, D. C., and the University of California,
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our specimens at 100 days, the cancellous bone graft from the ilium -ivas difficult to outline.

In one specimen at one year; evidence of the gi’aft no longer existed, except as indicated

by cortical thickening at the junction of the graft and the graft bed. In this specimen,

reformation of the medullary canal had occurred at the site of the osteotomy. In those

iliac grafts where contact was not established or maintained, revascularization was delayed

and the graft usually died and behaved much the same as cortical bone. Finally the new

granulation tissue invaded the clot, which separated the graft from its graft bed, and the

dead trabeculae were gradually replaced.

At five days, the cortical grafts placed in a cancellous bed were surrounded by a

narrow fibrin clot, through which grew new granulation tissue much the same as that

described in the case of the cancellous-bone graft (Figs. 2, A and 3, A^)

.

These grafts with

periosteum attached showed no periosteal proliferation, nor was there evidence of re-

vascularization. Occasionally a finger-like process of granulation tissue from the graft bed

was seen, which had growm into contact with the gi-aft. The nuclei of the graft were still

visible, and showed no evidence of shrinking. In the graft bed there rvas a very early

proliferation of the endosteum with occasional forjnation of new trabeculae. The graft

bed, being of the cancellous type, showed proliferation rvith incrustation of the old tra-

beculae, and the formation of new trabeculae which appeared to be growing out of the

primary trabeculae. In some cases there was a feeble endosteal proliferation which did

not, how^ever, attach the graft to its bed. At ten days, granulation tissue could be seen

growing through the clot and a row of osteoclasts Ijung in Howship’s lacunae along the

margin of the graft. Its surfaces showed granulation tissue growing into its widened

Haversian systems. At this time also the nuclei had disappeared from the lacunae of the

graft. Occasionally w'e saw evidence of replacement by new bone in the most marginal of

the Haversian systems. At fifteen days, the graft was almost enclosed b}" new trabeculae

gi’owing from the graft bed, wdtli some fusion apiiarent between the graft and its bed.

Revascularization had increased, the marginal Havei'sian systems wci'e widej-, and there

was a slightly broader ring of new’ bone at the most marginal of the Haversian sys-

tems. At tw^enty-one da5'S, in the cortical graft the findings were pi’acticall.y identical with

those at ten days, except that there w’as an increase in revascularization and replacement

(Fig. 4, A)

.

In some of our grafts w'e observed periosteal new-bone formation at this stage,

and osteoclasts along the bone surface were still apparent. At twenty-one days, there was

evidence of good union of the graft w'ith the gi’aft bed. It is interesting to note here that

bone from the graft bed grows out toward the graft through the new’ vascular granulation

tissue, but wdien it comes into contact w’ith the dead cortical bone, it grow’s parallel with

its surfaces. At forty-two da5"s, the cortical graft was firmly bound to the graft bed by n

layer of trabeculae, wdiile at sixty days, its replacement by neAV bone w’as still gradually

taking place (Figs. 5, A and 6, A'). In our experiments, cortical grafts, w'ith and without

periosteum, behaved in the same way^, and in the latter tyjie there w’as better evidence of

proliferation wdth the exception of a few’ instances.

Changes in the rib graft W’ere very similar to those seen in cortical bone. They weie

in an active process of revascularization and replacement, and did not show’ pronounce

grow’th of new’ bone from the graft itself. In the few’ cases of the rib graft that we were

able to study, W’e saw’ that the cancellous portion of the graft did not show’ anything h 'e

the amount of formation of new bone seen in cancellous portions of the iliac grafts (Fig=-

2, 3, 4, 5, and 6) . Cortical bone of the rib reacts more like that of cortical bone of the ti la,

although it is less dense and is, therefore, more readily revascularized. Our observa ion

indicated a better and quicker attachment to its host than in the case of the tibia on^

Moreover, in the split-rib graft, revascularization is much more rapid than in the w’lo

graft. The w’hole-rib graft may be pictured as a tube w’hich is revascularized by

grow’ing dow’n through its long tubular canals from both ends. Little invasion of

seems to occur at its cortical surfaces. Rapid revascularization of a rib graft occurs i
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Series II

Oui' unsalisfaclory experience with the use of the tibia in the first group of animals

led to the selection of the foreleg in the second group. In the foreleg a segment of radius of

approximately 1.5 centimeters was excised, creating in many instances a defect with non-

union. Tlie ulna was left as an intrinsic structure to prevent compounding. Non-union

defects were created in the middle of the shaft of the radius on both sides. This site was

chosen because, if the radius were excised near the wrist, radial deviation of the paw de-

veloped, which gave a poor and shortened graft bed. In some defects, a synosteosis formed

between the fragments of the radius and the ulna. In others, the space between the two

ends of the radius was filled with callus. Generally when a good synosteosis occurred

between the fragments of the radius and the ulna, there was a better chance of maintaining

the defect in the radius. In some cases, however, synosteosis developed, together with union

of the fragments of the radius. The defects in the radius were allowed to remain from two

to five months before bone-grafting was done. The grafts were obtained from the ribs, the

tibia with periosteum, and the ilium. No fixation was employed other than a collodion

dressing to the wound. In a few animals, the tibia which had been operated upon frac-

tured where the cortical bone had been removed, but for the most part there were few

complications. In one or two animals, a compound fracture of the ulna occurred and in-

fection developed. We found that the radius was an excellent site for the production of

non-union. In the grafting procedures, the tibial grafts were laid so that they bridged the

defect entirely, with their ends inserted into the medullary cavities of the radial fragments.

Iliac bone was similarly placed as far as possible, but often, when the defect was too long

for bridging by a single piece of cancellous bone, it was necessaiy to overlap two pieces of

ilium. The control series included animals with the preoperative defect, in which only

freshening of the ends of the radius, and opening of the medullary canal had been done,

The pairing of the experiment was as follows: (a) ribs against control, and (b) tibia

against ilium. In this series of e.xperiments, thirty-one animals were used .from which
originally sixty-four specimens were prepared. Of these sixty-four, thirty-four were finally

obtained for study, from which there were:

Cancellous bone—11

Cortical bone with periosteum—

8

Rib—

6

Controls—

7

Controls before second operation

—

2.

The conclusions reached in this series were the same as those attained after completion
of the first series, with the exception of the whole-rib graft. Discussion of the relative
value of full-thickness rib graft and split-rib graft is included in the discussion of Series IV,

Series III

In the third series of experiments, dogs were used. To ensure their good health and
to acclimate them to their surroundings, the animals were kept for several weeks before
operation. They were housed in wire cages in rooms at regulated temperature, and for a
part of each day, they were allowed freedom of open runways. Their diet consisted of lung
and hamburger, fortified with sardine oil for vitamin D and tomatoes for vitamin C.
Anaesthesia was obtained with intravenous sodium pentobarbital, supplemented at times
by novocain. The preoperative preparation consisted of clipping the hair with surgical
clippers and thorough preparation with soap and water, alcohol, and merthiolate.
Through a medial incision, the upper half of the tibia and the lower half of the femur were
exposed. The patella and the cartilaginous surfaces of the femur and tibia were then ex-
cised, and a flap of bone was turned outward by incomplete vertical osteotomy of the tibial
tubercle. Internal fixation of the femoral and tibial surfaces was secured by three Kirschner
viies, and supplemented in our first group of experiments bv nlastpr-of-Pnris T.nfor +hn
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Fic. S

A

:

Appearance of graft in Fig. 7, two and one-lialf montlis after its removal and replacement.

B: Ten montlis after first operation.

margin, free cancellous bone. These margins lay free in the soft tissues between the first

dorsal interosseus and tho- adductor pollicis brevis. The}’^ could, therefore, receive circula-

tion only from the soft-part structures (Fig. 7, A). After a period of eighteen days, one

end of the graft became loosened
;
and a second operation was necessary. At this time the

graft was completely removed, its flanges trimmed for specimens, and again placed as a

bridge between the metacarpal bones in exactly the same manner as in the first operation

(Fig. 7, B)

.

It was noted that the pattern of the cancellous bone left its imprint on the

granulation tissue. Ten months after the first operation, the patient disliked the position

and rigidity of the thumb and asked to have the graft removed (Fig. 8). Therefore, at a

third operation, we were able to secure this entire graft to complete our study of cancellous

and cortical bone in the same graft at periods of eighteen days and ten months, respectively-

In the eighteen-daj’^ specimen the cancellous portion of the graft showed fairlj’^ com-

plete revascularization. The usual hyperaemic granulation tissue was growing throughout

the medullary spaces, and the old trabeculae were surmounted by osteoblasts from which

new trabeculae were growing (Fig. 9, B)

.

In the cortical portion of the graft, revasculari-

zation was taking place in much the same fashion as in any graft of cortical bone. The

major portion of cortical substance was dead, as shown by the absence of osteocytes in the

lacunae. New vessels were growing into the old Haversian systems, and there was replace

ment with new bone (Fig. 9, A). In other words, in the two flanges of the graft where

revascularization could only occur from the surrounding soft parts, the twm types o re

action could be seen
;
in cancellous bone, early revascularization, and new-bone forma ion

in abundance from the graft itself; in cortical bone, the slower revascularization vi
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first to till' sixth lumbar vertebra were split, longitudinally, and then pried apart to afford

graft beds. Into the spinous process of the sixth lumbar A^ertebra, a piece of ilium with one

cortical surface and one cancellous surface was inserted, so that the bone of the two types

was applied to the cancellous surfaces of the spinous process. Into the spinous process of

the fifth lumbar vertebra a Avedge-shaped piece of the Aving of the ilium, Avith one cortical

surface intact, Avas put in an inverted position, so that its one cortical and tAvo cancellous

surfaces lay in contact with the cancellous surfaces of the spinous process. Into the

spinous process of the fourth lumbar A’ertcbra, a piece of tibial bone Avith its periosteum

intact Avas placed, so that the periosteum faced outAvard. Into the spinous process of the

third lumbar A’ertebra, a half section of rib Avith its cortical and cancellous surfaces Avas

inserted. Into the spinous process of the second lumbar A’^ertebra the spinous process of

the seventh lumbar A'ertebra Avith one cortical surface remoA’^ed Avas introduced. The split

spinous process of the first lumbar A’ertcbra Avas used as a control. Eoentgenograms Avere

taken of the six dogs immediately after autopsies had been performed.

The sites in the tibia Avhcrc the bone had been remoA’’ed for grafts Avere used as con-

trols and for the study of cortical-bone chips placed in a bed of cortical bone. Fifty-four

grafts AA’ere secured from six animals at intei’A'als of fiA'c, ten, fifteen, tAventy-one, forty-tAvo,

and sixty days. They Averc of the folloAving types:

Cancellous bone—11

Cortical bone Avithout periosteum—

5

Cortical bone with periosteum—

9

Spinous process—

4

Rib—

8

Rib defects—

5

Controls—12.

Discussion: In this group of experiments, the same changes in cancellous and cortical

grafts were noted as in the previous group. However, Ave Avere able to observe the changes

of the split-rib graft used in this group of experiments, as compared Avith the second group

of experiments in which Avere used the full-thickness rib graft and the spinous process,

AA’hich is similar to the split-rib graft. In the split-rib graft, the medullary surface is rapidly

invaded by vascular granulation tissue, AA'hich permits early formation of bone upon its old

trabeculae. Furthermore, this rapid reA'^ascularization led to replacement by creeping sub-

stitution of the dead trabeculae, similar to that seen in cancellous-bone grafts. When the
rib is intact, revascularization of the cortical bone takes place through the granulations

AA’hich arise from the graft bed, and, even more so, from the granulation tissue doAvmvard
into the medullary canal at both ends of the graft. The process here is similar to that seen
m cortical bone of the tibia, although the cortex of the rib is less dense, and invasion and
replacement are correspondingly rapid. FolloAA'ing this granulation tissue, there is forma-
tion of neAv bone, as described under the process of creeping substitution. Other details of

the action of the rib graft are given later.

Series V
SeA’en dogs were used. Experiments were conducted to permit the study of grafts of

cancellous bone placed in beds of cancellous bone. Through an anteromedial incision, a
transverse osteotomy of the tibia was performed just beloAV the tibial tubercle. The ends
of the fragments of the tibia Avere separated by traction, and into the space created AA’ere

placed Avedges of cancellous bone from the ilium. Fixation was obtained by a Kirschner
Avire passed through the graft and the adjoining fragments of the tibia. The protruding
end of the Kirschner wire was cut flush AA’ith the bone surface. In many of the experiments,
roentgenograms shoAA’ed this fixation to be inadequate, and in consequence there Avas dis-
placement of the graft.
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after periods of two and three years, respectively. In these specimens we found new tra-'

beculae and some attempt at revascularization of the scar tissue, which had extended

across the lines of non-union. In other words, in these two cases, there was an effort to-

ward repair with the ingrowth of blood vessels in the laying down of some new bone. In

another instance, a large iliac graft of pure cancellous bone was placed, which was removed

approximately eight months after it had been inserted. Here, the graft showed collections

of degenerated calcific debris, lying in the old intratrabecular spaces. The trabeculae

were evidentlj’’ dead with no attempt at revascularization. Grossly, this specimen was of

a dry, pithj^ type, surrounded on one side by a heavj'- mass of callus, which seemed to

overlap the central cancellous bone. This callus could be lifted off like a shell, although

the shell had some vascular connection with the old dead cancellous portion of the graft.

The examination of the bone material taken at twenty-seven clays from the site of a

Hibbs bone-grafting operation, on a girl of twelve, showed many new trabeculae lying free

in the growing granulation tissue. These new trabeculae seemed to rise directly from old

trabeculae, although it was difficult to be certain, because of poor staining technique.

In the examination of the osteoperiosteal graft which had been placed in the spine, the

onlj’- tissue which we secured was from the lamina. The changes here were very much the

same as seen in the Hibbs operation, in that there were many new trabeculae forming from

these freshly denuded laminal chips in their trabecular portions. In a tibial graft which

had been inlaid in the split spinous process (Albee technique)
,
the outer superficial portions

of the graft showed empty lacunae and no evidence of revascularization, even after a period

of sixteen years. Between the under surface of the gimft and its bed of cancellous bone,

there was good union, although fusion was incomplete at the upper portion.

In a sliding femoral graft of cortical bone, four months and four days old, there was

eiy poor revascularization and almost negligible replacement. Some replacement occurred

long a few channels where the granulation tissue extended into the graft. In this case

here were complicating factors, including a large hematoma.

SUMAIARy

Our studies have permitted us to arrive at very definite conclusions with respect to

he evaluation of cancellous and cortical bone when employed as graft material. At the

ery outset, it should be said that in regard to the behavior of the fully matured bony

lements, whether they be derived from cancellous or compact bone, there is no great

ifference. The mature bonj’- elements once transplanted do not, for the most part, survive.

J'hej'’ constitute a mass whicli is so inert that it does not provide even a foreign-body

reaction, and sooner or later will be replaced by that process known as creeping substitu-

tion. This process is exceedingly slow and extends over many months, with a gradually

subsiding impetus. In an3'^ graft, whether it be of cancellous or cortical origin, the only

elements which survive and which possess osteogenetic power in an}’- degree, are the cells

which form the so-called endosteal lajmr. This is also true, but to a lesser extent, of the

elements of the cambium laj'-er of the periosteum. Once these two fundamental features

are appreciated, the relative merits of cancellous over cortical bone grafts become im-

mediately apparent.

In the case of the cortical bone, the greater bulk of the graft is made up entirely o

fully mature osseous elements. The endosteal laj’-er is often absent or, when present, e

exceedinglj’- limited in amount. As for the most part the mature elements fail to survive,

the graft itself exists, therefore, as an inert body- which can onty serve for a limited leng >

of time as an internal splint. Before such a graft can be wholly replaced by living bwie^

its mass must be entirely removed. This can only occur bj"- revascularization, the leac iiUt,

out of the mineral elements, and autolysis of the collagenous scaffolding. Unfortuna e y

the very physical nature of cortical bone prohibits rapid substitution. The only

which a cortical graft presents for the ingi-ess of new blood vessels are the small Haversi
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forty (lays, cxcopt dial I here were more Iraheeulae, and they were of a denser character

than those of normal iliac lione. Here die jiroliferating endosteal trabeculae united the

graft to its bed. In one animal observed one year after operation, the site of osteotomy

was defined only by a thickening of its endosteal surfaces, although in some sections there

was also some periosteal thickening.

As stated before, roentgenograms were taken of all the specimens. It should be em-

phasized, however, that these are of less value for study of bone formation than informa-

tion obtained by the microscope. The

roentgenograms show an overlapjnng of

the bone fragment which at times gives

an appearance of union. They also

shoiv callus formation and the inci'cascd

density of the graft bed at the margin

of contact with the graft, indicating

dead bone which has not been rcvascu-

larized. Later they disclose a gradual

meiging of graft and graft bed with the

intermingling of their trabecular jiat-

terns Our experience has been that the

chief advantage of roentgenograms in

experimentation has been the permanent

record of the graft as to its position, its

contact, and its relation to its host.

Just as in clinical observations, they

must be interpreted in correlation with

the gross and the microscopic findings.

Fig. 3

High-power photoimciographs of sections shown in Fig 2.

Coitical bone at 1
; fibiin clot at 2; no evidence of formation of new bone

B . Enciicled poition of Fig 2, B, shomng old trabeculae at 1

;

cellular prolifeiation and nen
trabeculae at 2.

C^: Encircled section of Fig. 2, C. Note proliferation of cells on surfaces of trabeculae at I.
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Non-Union, Either With or Without Loss of Substance

The condition of non-union with loss of substance is of common occurrence. In such

cases the procedure is to freshen the ends of the fragments, and to apply single or multiple

bone grafts to assui’e union. We believe the selection of the type of bone should be gov-

erned largely by the location of the fracture. If the fracture occurs at the end of the shaft

of a long bone or in carpal or tarsal bones where cancellous bone is predominant, grafts of

a cancellous-bone type should be used. Experimentally and clinically, these grafts rapidly

become an intimate part of the surrounding bone, provided that fixation and accurate

contact of the fragment are secured and maintained.

It is worthy of mention here that, as reported in an article by Dick, “Chips of cancel-

lous bone from the ilium are now frequently used by plastic surgeons in reconstruction of

Fig 10

A Four clays after applieation of an onlay (irafl

for non-union of tihia in a iiaticnt fifly year.--

of age.

B: Seven months after operation, showing bony
union of graft and fiagmcnts.

the contour of facial bones, and these surg-

eons report that clinical rigidity of the re-

constructed area is obtained in seven days”.

Iliac bone is also useful in repair of fractures

of the jaw with loss of substance and in

defects of tl)c skull.

In a fracture at the center of a long bone,

where cortical bone is the predominant

structure, and where strength is required

throughout the period of revascularization

and replacement, cortical grafts are prefer-

able. They may be used as onlays (Camp-

bell, Henderson), inlays, sliding grafts (Al-

bcc. Gill), intramedullary (Ryerson), the

diamond-shaped graft (Gallic), the cortical

periosteal splint graft (Phemister), the bar-

rel stave (Steele), or the dual grafts (Boyd).

The wi’itci’s have a preference for the use of

one or the other of the above types, depend-

ing iqwn the bone involved. For e.vainple, in

the shafts of the humerus and femur, we

prefer an onlay, fixed by stainless-steel

screws, a method described by Key. In the

shaft of the tibia we have used both onlay

and inlay grafts (Figs. 10 and 11). In fractures of bones of the forearm and of the meta-

carpal and metatarsal bones, especially in fractures of the bones of the forearm with

displacement and delayed union, intramedullary grafts applied after the method of

Hoglund may be used. The technique of this method, as described by Phemister, consists

in a graft cut from the cortex of the longer fragment, beginning one to two centimeters

from the fracture and of a breadth that will fit snugly into the medullary cavity. It is

introduced into the medullary caAuty of that fragment at the fracture end. The fragments

are then aligned and the bone graft driven outward bj’’ hammering on a chisel, placed at a

right angle on its end through a windorv, approximately one-half of it resting

medullary cavity of one end of the fragment and the other half in the other end. i6

collar of cortex left at the end of the fragment prevents the ends from being displace^-

Cortical bone placed in cancellous bone takes a longer time to be revasculaiize aa^

replaced and, in consequence, takes longer to become an intimate part of the suiioun lUo

cancellous structure. With the diamond-shaped graft of Gallic and the

graft of Phemister we have had no experience, but those surgeons who have use

methods report excellent results. The diamond-shaped graft

particulm-ly applicable to fractures of the radius and the ulna, while Phemis ^
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bone. The new Iralioculac wore charaelerized by lip,b(-staining tissue with ])lump, angular,

and rather large osteoeyles lying in fairly large lacunae. The graft bed at ten days showed

similar changes with further increase in incrustation of the old trabeculae and formation

of new trabeculae. The nuclei of the trabeculae were observed becoming more dense and

staining more deeply. At sixteen days, the changes were progressive with inci-easing in-

crustation of old trabeculae, while the new trabeculae were much wider with several layers

of cells. They were approximately double their original size. In the central portions of the

large grafts, the trabeculae showed evidence of death by disappearance of cells in their

lacunae. Our experimental evidence

seems to indicate the necessity of revas-

cularization of cancellous bone within

the periods of ten and fifteen days, if it

is to survive.

Specimens of iliac bone at twenty-

one days showed the trabeculae to be

veiy wide, with an increase in the num-
ber of new trabeculae (Fig. 4, B ) . In the

grafts of fort3’'-two daj’'S and sixtj’’ daj^s,

respectivelj’- (Figs. 5, B and 6, B'), the

trabeculae seemed to approach their nor-

mal width and thickness, and restoration

of the original pattern was graduallj'^

taking place,. In some of our cancellous

grafts in humans, which were subjected

to stress and strain, changes occurred to

a point where they might be taken for

bone of a rather loose cortical tj'pe. 'In

Fig. 6

A’:

D':

C:

High-power photomici ographs of sections shown in Fig. 5.
Cortical giaft with dead coitical bone at 1; new-bone foimation at S.
Iliac giaft, sho\\ing dead tiabeciilae at 1. surrounded by active piohferation of new bone at 2.

graft, showing dead bone at 1, new-bone foimation at 2, and vascular granulation tissue
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Fig. 13

A: Intramedullaiy fibulnr graft to uminitcd fracture of the humerus of six j'ears’ duration, with loss

of substance, in a patient si.xt}' 3’ears old.

B: Two months after operation. Arrow indicates absorption of graft and creation of defect.

C: Three months after operation, showing fracture of graft.

have reported success with the splint cortical graft in untinitecl fractures of the tibia.

Pheinister states that, in some cases of non-union of the tibia, infection may persist on

one side of the bone onl}’', and a whole-thickness graft may be inserted on the opposite side

of the bone without entering the infected field.

We regard the osteoperiosteal graft as purely supplementary in character, while the

barrel stave and double onlay gi'afts are particularly useful in non-union with loss of

substance. It should be emphasized here that cancellous chips or strips can be used to

advantage with cortical grafts to hasten union, especially when the ends of the fragments

show marked sclerosis.

In bone-grafting in cases of non-union, the type of fixation requires special considera-

tion. As is often the case, the ends of the fragments are surrounded by dense scar, and the

extensive dissection required to free and realign the fragments depriAms them of their blood

supplj''. Consequently, they undergo aseptic necrosis with absorption of that portion of the

fragments which has been deprived of this blood suppl5^ Loss of continuity of bone is thus

produced at the site of fracture, and maintenance of this defect hy rigid inteimal fi.vation,

especially by a bone plate, may be the cause of further delay in union or of persistent non-

union. If fixation by plates is used, we believe supplementary grafts of cancellous bone

from the ilium applied about the site of the fracture to be advantageous, as they re-

vascularize rapidly and help bridge the defect caused bj’’ aseptic necrosis of the ends of the

fragment. One of us (F. C. B.) has been so impressed with the frequency of the above-

described condition, leading to delayed union or non-union, that he has relied on inteina

fixation of the graft by ligature, supplemented only by external fixation with plaster. R

non-union of fractures of the tibia we have also tried a method in which a sliding graft is

fixed at its upper end to the upper fragment by a single screw only, wliile at its lovci en

displacement of the graft is prevented by dovetailing its tip beneath the cortex of the louei

fragment (Fig. 11) • If aseptic necrosis occurs at the fracture site, resection of the fi u a is

done to allow obliteration of the gap and approximation of the ends of the fragments.
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Fig. 7

A

:

Iliac graft in form of cross, placed between first and second metacarpal bones.

B: Graft removed and then replaced after specimen was taken for biopsy.

split to expose a medullary surface. It should be noted here that this difference between

whole and split-rib grafts should be stressed. The cortical part of the graft showed some

evidence of new-bone formation from its endosteum. Half of the split spinous-process

grafts were similar to the split-rib grafts.

The cancellous-bone-graft bed exhibited the same changes seen in the cancellous graft,

with rapid revascularization and evidence of new-bone formation at its margins.

HUMAN GRAFTS

In our study of the comparative values of cancellous and cortical bone grafts, we were

able to examine grossly and microscopically specimens taken from eight iliac grafts, which

were removed in part or whole at intervals varying from eleven days to three years. In

addition, to complete our series, we also had three cortical grafts, an osteoperiosteal graft,

and bone material obtained from the site of a Hibbs fusion of the spine and from a graft bed.

In the iliac grafts, the earliest one, an eleven-day specimen, showed no microscopic

changes, except in a small area of revascularization where hyperaemic granulation tissue

was growing into the medullary spaces. In this area, old trabeculae were lined by osteo-

blasts which were proliferating with new trabeculae growing out from them in much the

same pattern of new-bone formation as seen in our experimental animals, where cancellous

grafts of iliac bone were replaced in the ilium.

The best specimen that we have was secured in a girl of eighteen years with spastic

hemiplegia. In this patient a graft from the ilium was placed between the first and second
metacarpal bones to maintain opposition of the thumb. The graft was in the form of a

sj'inmetrical cross with two ends of one cross piece dovetailed into the shafts of the first

and second metacarpal bones, respective^ (Fig. 7) . The ends of the other cross piece were
trimmed, so that on one margin there was fairty dense subcortical bone and on the opposite
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Fig 14

A Tliiee months aftei excision fiom liibeiciiloiis knee and fixation b}' pins and turnbuckles (Key).
Multiple iliac giafts «eie placed acioss (he hnc of excision (Bost).

B and C. Bonj' ankjdosis twenty-one months aftei opciation.

^ =3==;::==^===;;^:^^ below, the ends of wliich are fixed to

an adjustable turnbuckle on both sides

Supplementary grafts of cancellous bone

^
from the ilium are tvedged into vertical

« osteotomies which cross the line of ev

* 'M anterior and lateral aspects

n 3 of the joint (Fig. 14).

In fusion of the hip joint, we have

used cancellous bone, packed around the

surfaces of the joint; or we have em-

ploj’-ed full-thickness grafts of iliac bone,

;<t after the method described by Ghorm-

ley. Recently one of our group (F. C. B

)

, B has used a full-thickness iliac graft,

wedged between the ischium and the

Jf
inner surface of the upper femur (Fig

xmiuous joints of the hand and foot. The

^ technical details x'ary with the needs of

——

-

=:r-c-^ i) tjjg individual case and, therefore, will

Fig 15 not be described here Hoivever, ne

Full-thickness iliac giaft placed between the should like to point out the advantage

ischium and the uppe. pait of the femui foi fusion
^ temporary fixation, secured by

of tubeiculous hip (Bost). ^ t nf-
Kirschner wires together with plaster

Paris, of the joints of the hand and foot to maintain accurate apposition of the bones an

the graft.
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Microscopic section ot graft shown in Tigs. 7 and 8.

A

:

Coi'tical portion of graft at eigliteen days, showing dead cortica] hone at 1 and granuiatioh tissue

at 2, illustrating the process of creeping substitution.

B: Cancellous portion of iliac graft, showing old trabeculae at 1 and active new trabeculae at 2.

C: Cancellous portion of graft at ten months. Old trabeculae at 1 surrounded by new bone at 2.

subsequent replacement by new bone. These findings support those obtained in Our ex-

perimental work with animals. .

•/'

The study of this graft removed after ten months showed a hear^’ cortical 'margin

with smooth outlines at the attachments to the two metacarpals. The graft showed an

unbroken cortical border made up of new bone with old trabeculae showing here and there

the original iliac pattern. These old trabeculae were entirely surrounded by new bone

(Fig. 9, C) . From the thin cortical margins of the graft, heavy trabeculae ran toward its

interior. A large number of these heavy trabeculae had as their centers the old primary

trabeculae which had not been replaced. A large number of the trabeculae in the interior

of the graft still had osteoblasts lining them, and formation of new bone continued to occur

from the greatly thickened trabeculae. The general shape of the graft remained the same

as when it was laid. Within the central area of the graft, there was no longer a marked
proliferation of granulation tissue. When it occurred, it was much thinned out, leaving an

open network with fewer capillaries. It should be remembered that the circulation was
disturbed by removing this graft eighteen days after it had been placed. This may account

for the lack of complete replacement of the central portion of the graft.

In another full-thickness graft from the ilium with its cortical portion intact, removed
eleven months after it had been inserted, a complete revascularization of the cancellous

portions and a partial revascularization of the cortical portions were observed. Another
iliac graft, also of the full-thickness type, removed eight months after it had been placed,

showed new-bone formation in the cancellous portion, and the same type of replacement
as seen in the cortical portion of other cortical-bone grafts, except that there was much
heavier fibrous tissue with less vascularity in some of the deeper portions. In this latter

graft there was an area of non-union at the site of a screw which had fixed it in place at the
time of operation. This area consisted of fibrous tissue separating an active proliferating

tissue from portions of dead tissue.

In a ten-month-old iliac graft of full thickness, an area of non-union developed, even
after this length of time.' The cortical sections of this graft were dead and showed incom-
plete replacement; and the majority of the lacunae were empty. Some regions showed
revascularization, while the medullai-y portions of the gi-aft had been replaced by fibrous
tissue. There was no evidence of the formation of new trabeculae, and the area of non-
union was marked by a verj’" dense layer of connective tissue.

We har-e examined several other specimens of iliac bone in which non-union developed’
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Fig. 18

A. Giant-ceJ] tumor of tiansverse process of fourth lumbar vertebra after curettement, roentgeno-
therapj^ and giaftmg witli iliac bone.

B: Massive bone foimation from iliac grafts shown at airows. (Courtesy of Dr. Finest Alyers.)

ind the spinous processes and laminae was without exception the best that occurred with

iny type of graft”. Early and complete revascularization of the grafts takes place, and

inion is solid in an average time of three months. In fusion of the spine, we prefer to turn

eaves of lamina outward on each side of the spinous processes, and place long struts of

cancellous bone, taken from the posterior wing of the ilium, beneath these leaves in contact

with cancellous-bone surfaces. Cartilage is removed from the facets, and these in turn

are packed wdth cancellous bone. We have used cancellous bone in all parts of the spine,

particularly in the cervical and lumbar regions (Figs. 16, 17, and 18). In lumbosacral

fusion we have also used the method described by Breck and Basom, in which a bone graft,

taken from the tibia or ilium, is placed between the notched spinous processes of the two

vertebrae which are to be fused. In addition, we have curetted the facets, and driven

wedges of iliac bone into them to produce greater fixation,—the so-called tripod fusion.

Correction of Deformities

Iliac bone in the form of wedges placed at the sites of osteotomies is employed to

correct extreme deformities of the upper and lower extremities. This method, the details

of which have been published elsewhere, allows for a gain of some length of the bone m

cases of shortening. Cancellous bone has also been used in the form of wedge grafts where

osteotomy has been performed through sclerotic bone. Although our experience with t iis

method has not been extensive, evidence indicates that it will promote revascularization

and the formation of new bone ivith earlier union than when two sclerotic surfaces aie

apposed. In such cases, drilling of the sclerotic fragments is also employed.
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canals and the immediate surfaces in contact with the graft bed. Furthermore, since after

the trauma of operation, the formation of new vessels reaches its critical point within a few

days, and thereafter, with changes in biochemical conditions, starts to decline, the progress

of penetration is choked off, and many regions of the graft remote from the vascular bed

may never obtain a vascular supply. The cellular elements of the capillary tufts possess,

as is well known, considerable potentiality in the direction of osteogenesis; but for osteo-

genesis to occur, an accommodation space must be available. Such space is not available

in the case of cortical bone, until the original collagenous elements have been removed to

provide for it. The graft, therefore, is in a sense a deterrent to the formation of new bone.

New bone is laid down only on the surfaces of the graft, and, therefore, we frequently find

cortical grafts becoming incorporated in, rather than replacing, new bone.

In the case of cancellous bone, conditions are far different. The mature elements of

the trabeculae behave in much the same manner as that described for cortical bone, but

each and every one of these trabeculae is provided with an endosteal surface possessing

great osteogenetic power. In addition, there are the numerous marrow spaces. The bone-

marrow cells themselves undergo rapid degeneration, and provide wide channels for the

invasion of new vessels and eventually for the accommodation of newly formed bone. The

cells of the endosteum rapidlj'’ come into relationship with a vascular bed, which accounts

not only for their survival, but for the early proliferation and establishment of new bone.

New trabeculae and the incorporation of the old is the characteristic picture in cancellous

grafts. The old elements being small, and lying in such close relationship to vital elements,

are removed and replaced more rapidly, although they, too, may remain for many months

before complete substitution. In this connection, it should be pointed out that there is

some difference between cancellous bone in which the marrow is highly fatty and that in

vdiich red marrow predominates. Fat has, as is well known, an inhibitory effect on the

formation of new vascular tufts and where present to excess, the process of bone formation

is retarded. This would account for the superiority of iliac bone, or bone obtained from
other sources containing red marrow, over the fatty cancellous bone found, for example,
in the lower end of the femur or the upper end of the tibia. In a word, then, the superiority

of cancellous bone over cortical bone lies for the most part in the fact that the cancellous

bone presents a very extensive endosteal surface and numerous accommodation spaces
which allow for osteogenesis.

These distinctions are most exquisitely seen in the case of grafts derived from ribs

where both elements— namely, compact and cancellous bone— are present. In such grafts

there is the additional advantage that both processes may be observed in the same subject
under identical conditions. The compact tissue of the rib differs slightly from that obtained
from other sources, in that its Haversian spaces are more numerous and larger, thus allow-
ing a more ready access to new vessels. The cancellous element is like that of other bones.
In such grafts the observer is struck by the rapid formation of new" osteogenic tissue about
the trabeculated elements, in comparison to the slow and restricted process of creeping
substitution occurring in the cortical portion.

CLINICAL OBSERVATIONS

Our clinical observations in operations for bone-grafting can best be described under
the follow'ing headings: (a) bone-grafting in clean cases, and (b) bone-grafting in septic
cases.

BONE-GRAFTING IN CLEAN CASES

The usual indications for the use of bone grafts in clean surgical cases are (1) non-
union either w’ith or w"ithout a loss of substance; (2) for fusion of joints; (3) for filling of
defects in bone caused by trauma, infection, or tumor; (4) incomplete loss of substance in
fractures; (5) for fusion of the spine; and (6) in correction of severe deformities of the
extremities.
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conveniently from the posterior portion of the iliac crest; if the patient is supine, the grafts

are usually taken from the anterior part. To expose the anterior part of the iliac crest, an

incision is made along the lateral margin of the crest of the ilium through the skin and

subcutaneous tissue. The junction of the external oblique muscle above, and the tensor

fasciae femoris and glutaeus medius muscles below, is recognizable as a white line where

these muscles blend wdth the periosteum. A firm incision is made along this white line

through the periosteum. This structure is then elevated medially and laterally, care being

taken to stay as close to the bone as possible. Retraction of the muscles is facilitated by

the use of twm specially designed retractors wdth small sharp prongs -which sink into the

lateral surface of the ala. The bodies of the retractors can be levered upward and down-

w^ard, pushing the muscles aw^ay from the crest and lateral surface of the ala. A wide

surface of bone is then readily exposed.

In children, the technique for exposure of the iliac crest is somewdiat different, so as to

disturb as little as possible the epiphyseal cartilage -vdiich rims the crest. The incision

through the periosteum is made along the lateral border of the crest. The glutaei are

reflected laterally. The cartilaginous portion of the crest is incised along its junction with

the bone, and raised up-^vard and medially. By this method the cartilage is not separated

from the muscles of the trunk, and the major part of the blood supplj’- is preserved.

When the cartilage is completely elevated, the upper part of the medial surface of the ala

or iliac fossa is exposed. The grafts are removed -udth an osteotome, held either vertical to,

or parallel with, the crest. In this wa}'-, grafts of various types can be obtained.

The method of repair after the remoAml of grafts is of great importance to the patient's

postoperative comfort and early resumption of activity. The periosteal attachments of

the muscles of the trunk and thigh are firmly sutured together over the iliac crest. We use

Interrupted figure-of-eight sutures of No. 1 braided silk. Walking is permitted six weeks

after the full-thickness graft has been removed. In the cases in which small chip grafts

have been removed, patients may walk wdthout crutches in two weeks.

Other writers have described special techniques in removal of grafts from I'^arious

parts of the ilium. Horwitz and Lambert have rcmo^'ed grafts of full thickness from the

anterior crest of the ilium in lengths of from one to five inches. Rhinelander makes a

special point of preservation of the inner cortex of the ilium. This point maj’- be well taken,

as evidenced by a complication recorded by Oldfield in which, after massive removal of the

ilium, a sliding hernia of the caecum took place. Robertson and Barron turn the crest of

the ilium upward; separate the two cortical surfaces of the bone, preserving the origin of

the abdominal muscles; and then remove pure cancellous bone from its center (Fig. 19).

The complications following the removal of bone from the ilium can be obviated, if

special attention is paid to the details of the technique of the procedure. Cancellous bone

bleeds readil}^ and the formation of hematoma is common. In the majority of instances it

can be prevented by the use of a synthetic preparation of fibrin foam or by the judicious

use of bone wmx. A second complication is the possibility that extensive stripping of the

lateral surface of the ilium to obtain a -nude exposure may cause -nmakening of the attach-

ments of the glutaei, particularly tlie glutaeus medius and glutaeus minimus. This inay

produce the so-called “gluteal gait”. In one patient, who had had a large cortical section

removed from the lateral surface of the ilium to fill a defect in the skull, there was a rathei

serious and persistent limp, wdiich lasted for six -v^eeks. This condition can be avoided by

accurate approximation and suture of the periosteal surfaces from which the abdoinina

and gluteal muscles arise.
.

The complications resulting from removal of bone from the tibia are fully apprecia e

by most surgeons. Fracture at the site of removal of the graft is not infrequent, an

occurs as late as six months after the operation.

THE JOUENAL OF BONE AND JOINT SOTGERT
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Fig. 20

R ^
of the tibia was resected for chronic osteomyelitis.

""Sresence ofa
^‘^^^ct on Feb. 29, 1944, and on Nov. 4, 1944, in the

• Sent 15 1945^'inrJ*NT^^'^^or°\*n<c
lo"’er ends of the fibula weie transplanted on& Pt. 15, 1945, and ^ov. 26, 1945, respectively. Roentgenograms wore taken in May 1946.

2. Packing of complete defects of bone with cancellous bone and internal fixation by

^ ^ iliac bone absorbs without the stress of an impacting force,
and the plate holds the bones apart.”

defects both at the center and ends of the shafts of the long bones
were filled entirely, with cancellous bone. In one Center in particular, Colonel Ernest Myers
and his associates had a large group of cases in which defects had been obliterated com-
pletely by this method. These cases were observed at periods up to six months after opera-
tion. Nearly all of them showed a homogeneous type of bone filling the defects and uniting
the fragments, with no differentiation, however, into the cortical layers and medullary canal.

At Letteiman General Hospital, we have observed a group of these patients whose de-

fects have been filled by cortical bone, cancellous bone, or a combination of the two types,

aftei varying intervals of six months to a year after operation. In some, success has been

attained
;
in others, the defects have been healed and the fragments united, but refracture

has occurred through immature and unorganized bone. A year after the end of the War
we were seeing a comparatively small group of cases which presented difficult problems.

In the majority of them, failure of union or the occurrence of refracture indicated that

another operation was needed.

THE JOURXML OF BONE AND JOINT SURGERI
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In fractures with loss of substance, we encounter a problem, the solution of which is

accomplished with great difhculty. The many instances in this War of failure of bone-

grafting in the presence of gross defects of bone stress the need of further study of these

cases. As so many of these arc compound fractures with infection, we prefer to. discuss

them under the section dealing with bone-grafting in the presence of sepsis.

In fractures of the bones of the upper extremity with gross defects, segments frpm a

rib may be employed successfully. We have one case, a fracture of the lower part .of the

radius, operated upon in 1919 by Eloesser. Figure 12 shows the repair after twenty-seven

years. At the present time function of the extremity is good. Eloesser reported twenty^wo

cases of non-union and defects, repaired by rib grafts. In seven cases, fracture of the graft

occurred. Most of the fractures in the graft united.

In fractures of the long bones of both the upper and the lower extremities, segments

of the fibula may be used to fill the defect. In many instances the bone does' not become

hypertrophied sufficiently to stand great strain and may fracture (Fig. 13) . In fractures

of the tibia with defects, the ends of the fibula may be transferred and grafted to the

fragment of the tibia. In children,, the fibula will become hypertrophied and attain the

size of the tibia in several years. If hypertrophy of sufficient amount' to withstand the

strain of weight-bearing is not anticipated in an adult, sufficient bone-gi’afting of some'type

to join the fragments of the tibia is generally advisable.

Fusion oj Joints

Fusion of the joints of the extremities is a procedure frequently employed by ortho-

paedic surgeons to restore function, when their cartilaginous surfaces have been extensively

destroyed by injury or disease. Ankylosis may be secured by erasure of the cartilage or by

excision followed by adequate fixation. However, in many cases, bone-grafting is essential

to early and complete union. Many surgeons still employ cortical-bone grafts owing

largely, we believe, to a lack of appreciation of the merits of cancellous bone. After an

experience of many years in performing fusion of the major joints of the extremities, we
wish to emphasize the great advantages of cancellous bone. Our experimental and clini-

cal observations show that a cancellous-bone graft, placed in a bed of cancellous bone, is

revascularized and becomes a part of the host far more rapidly than does cortical bone so

used. Furthermore, cancellous bone can be used in the form of chips to fill interstices, cre-

ated by removal of cartilage as, for example, in the bones of the wrist, hand, and foot,

thus decreasing the time required for fusion. Moreover, it is pliable and can be readily

molded to the external aspect of the joint. Its application, therefore, does not require

the expert carpentry needed with the use of cortical bone.

Although we shall not discuss in detail our methods of fusions of joints, we should
like to refer to some points in the technique which are considered of value in fusions of the

wrist, the hip, and the knee. Our technique of wrist fusion has been described elsewhere.

We wish, however, to emphasize the importance of preservation of the inferior radio-ulnar

and carpometacarpal joints to ensure maximum function of the hand.

In publications on the use of cortical bone for fusion of the wrist joint, illustrations

show the struts of bone dovetailed into the lower end of the radius, and the base of the

second and third metacarpals. This results in a rigid wrist, which is a needless and severe
handicap. In all cases, the carpometacarpal joints should be preserved, except where these
joints have been seriously involved by injurj”^ or disease. The motion in these joints will

gradually increase with use, and in addition a resiliency is provided which acts as a shock
absorber to counteract the effects of a blow or a fall on the hand. With the preservation
of motion in the inferior radio-ulnar and metacarpal joints, fusion of the radiocarpal and
intercarpal joints no longer causes serious disability.

In excision of the knee joint we follow the technique employed by Key, with removal
of the surfaces of the joint and fixation of these surfaces under pressure by pins above and
\'Oh. 29, XO 2, \PRIL 1917
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be reserved for the individual case presenting a difficult problem, and should be done only

by an experienced surgeon. It is of interest that the massive sliding graft was used suc-

cessfully by Gill in fractures of the forearm.

Rhinelander used strips of cortical cancellous bone from the ilium in bridging defects

of the long bones. He emphasized the importance of dovetailing these strips into the ends

of the fragments, and, in addition, the placing of strips of bone about the periphery of the

defect so that they overlap the ends of the fragments. Complete filling of spaces between
strips of the graft is secured by cancellous-bone chips. Rhinelander has also used this

method in combination with a cortical onlay gi'aft, fixed by metal screws or wdth a metal

plate above. Dick has used dual grafts and cancellous

chips successfully in massive defects of the tibia. Boyd

has reported twenty-four cases, in twmnty-two of which

dual grafts were used successfully. He has emphasized

their importance in securing fixation of fractures near

joints. In such cases of ununited fractures near joints,

Ke}’’ has employed his dual plate successfully. In our ex-

perience in compound infected fractures of the tibia with

defects, or after resection of segments of the tibia for

osteomyelitis, we have used cancellous bone to bridge the

defect, and then transferred the ends of the fibula to the

tibia for its supporting effect (Fig. 20) . In other cases,

one of us (F. C. B.) has used a cancellous-bone bridge to

unite the upper and lower ends of the tibia and fibula.

Cancellous bone has also been used to bridge the gap

after resection of the radius for osteomyelitis (Fig. 21).

After a careful consideration of our experience, we

arc impressed by the fact that, in attempts to bridge de-

fects with bone grafts, union of the ends of the fragments

aiid the ends of the givaft occurs with regularity, no mat-

ter what type of graft is used, proA'idecl, of course, that

there is sufficient contact, overlap, and fixation. It wouid

appear, therefore, that in the average case, the normal

physiological process of revascularization and the forma-

tion of new bone from the osteogenic tissues at the ends

of the fragments and the graft result in union of the ends

of the graft to the ends of the fragments. In addition, the

growth of new bone may close the defect, if it is not too

extensive. If it is too extensive, the normal physiological

process is interrupted, perhaps by a chemical change and an ingrowth of scar tissue from

the periphery. Therefore, it may well be that, in a large defect, a single operation wil

not be sufficient because, wdth the gi'adual shutting off of the circulation and growth o

scar, there seems to be a limit to the degree of bone repair and, therefore, a limit to t le

degree of bridging of a gap that may be anticipated. At present we are of the opinion

that large defects in the long bones wdiich have to withstand the strain of weiglit-beaiing

can be treated by a combination of cancellous and cortical grafts at a single

probably best by a two-stage operation. We are referring now only to those cases vi i

large defects, -svhere the physiological process is impeded and repair is incomplete. m

failure of repair commonly occurs at the center of the defect. Furthermore, we have amp e

clinical evidence to prove that union of fragments can be effected across a gap by

interval with cancellous bone. This bone is of a homogeneous type, and its

into the cortex and medulla requires a long period of time. This differentiation is m

assurance for the prevention of refracture. That this remolding with I’estoi-yf

normal texture wall occur has been demonstrated in our cases. In one patient, m y .

//;

Flo 22

Roentgenogram taken two years
after defect Jiad been fiJied witli

cancellous bone, m a case of com-
pound fractures of tibia and
fibula, shows restoration of the
medullaiy canal.
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Fig. 16 Fig. 17

Fig. 16: Fusion of spinous processes and occiput, secured by iliac grafts in a case of ummited
fracture of odontoid of six years’ duration.

Fig. 17 : Tuberculosis of the thoracolumbar spine. Cortical graft applied in 1938, cancellous grafts

from ilium applied to lumbar spine in 1943, joining cortical graft at thoracolumbar region. The
relative amounts of bone produced from cortical and cancellous bone grafts are shown on roent-

genograms taken in 1946. Dotted arrows indicate the cortical graft, and solid arrows indicate the

cancellous grafts.

Defects in Bone Caused by Trauma, Infections, and Tumors

Our experience in dealing with defects produced by one of the above causes has been

largely in cases where cysts or giant-cell tumors have created cavities in the ends of the

long bones. Here again we adhere to the principle of filling a cancellous-bone cavity with

the same substance. If struts of cortical bone are laid across a large bone cavity, they may
unite; but we have found that the spaces between them are not filled and, therefore, the

cavity is not entirely obliterated. On the other hand, a cancellous-bone cavity packed

completely with cancellous bone will heal with complete obliteration of the cavity. We
have also found cancellous bone to be useful in cavities occurring in bones of the carpus

and tarsus and in non-union of these bones. Furthermore, we have used it successfully in

fractures of the shafts of the metacarpal and metatarsal bones with loss of substance.

Loss of Substance

In fractures with partial loss of substance, healing maj'' be very slow, union is often

weak, and refracture may occur. In clean cases, cancellous and cortical bone can be used
if the defect is in the central portion of the shaft; if the defect is in the cancellous portion,

cancellous grafts are preferable. In the presence of sepsis or where there is danger of the
lighting up of a latent infection, cancellous bone only should be used.

Fusion of the Spine

Glionnley and Stuck, from their experimental work, have stated that, in fusion of the
spine vith cancellous-bone grafts taken from the ilium, “The union between these grafts

VOL. 29,
'

SO. 2
, .APRIL 1947



410 L. C. ABBOTT, E. H. SCHOTTSTABDT, J. B. BE C. M. SAUNDERS, AND F. C. BOST

2 ^ o

THE JOURNAL OF BONE AND JOINT SURGE

wfis

placed

posteriorly,

btidging

the

fracture

sites

of

both

tibia



COnTICAL AND CANCELLOUS BONE AS GRAFTING MATERIAL 403

A, B, and C: Diagram of method of removal of cancellous bone from ilium.

C and D : Diagram of placing and fixing onlay cortical graft and the use of cancellous chips.

(After Robertson and Barron.)

It should be emphasized here that, no matter what type of bone is used in the treat-

ment of delayed union, non-union, or bridging of defects, the bone grafts should be onlaid,

inlaid, or dovetailed into the ends of the fragments to permit overlapping of the graft and

the fragment, fixation, and consequent early revascularization.

THE ANATOMY OF AND THE SURGICAL APPROACH TO THE ILIUM

The ilium forms the upper part of the innominate bone. It consists of a body and an

upper portion or ala. In our description, we are concerned only with the ala. The superior

margin of the ala, which is roughened and thickened, is known as the iliac crest. Upon this

crest are three rough lines, produced by the attachment of the abdominal muscles. The
crest is subcutaneous throughout its entire extent, and is covered by a thick layer of

periosteum.

The iliac crest is composed of three distinct curves which divide it into three sections,

the posterior section being the longest. The convexity is medial in the anterior and pos-

terior thirds, and lateral in the medial third. The ala is composed of thin inner and outer

layers of cortical bone, which enclose a central portion of cancellous bone. With the excep-

tion of the posterior third of the bone, the iliac crest is the widest part of the ala of the

ilium. When the ilium is cut in coronal sections, the anterior third is approximately one-

half inch in thickness. The widest portion is at the junction of the anterior and middle
thirds, the narrowest portion being at the junction of the middle and posterior thirds. In
this region, it is composed only of the inner and outer layers of cortical bone, without a
central portion of cancellous bone. The posterior third of the crest'is the thickest part of
the bone. This thickness is increased as far as the level of the sacro-iliac joint.

Bone gi-afts may be taken from any portion of the iliac crest, depending upon the
type, size, and shape of the graft desired. If the patient is prone, grafts are removed most

VOL. 2G, XO. 2, .APHIL 1047
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and postoperative use of penicillin. Considerable success has attended this method of

treatment in cavities occurring in the ends of the bones, particularly in some of the

cases of chronic infected cavities of the calcaneus. Starr has used cancellous bone to fill

these cavities, together with primary closure of wounds by plastic procedures. Successful

closure, without breaking down of the wound after the operation, has been secured in a

high proportion of cases. It is essential, as emphasized by Rhinelander and Starr, that

cancellous bone only be used. Cortical-bone chips sequestrate with uniformity. These

surgeons have kindly permitted us to refer to their work in this article.

In our own work at the University of California Hospital and affiliated hospitals, we

have had a series of fifteen cases of infected compound fracture and one case of tuberculosis

of the knee of many years’ duration with formation of secondary infection and a sinus.

The joint was excised, and the cavities in the lower end of the femur and upper end of the

tibia were filled with iliac bone. The wound was closed, with a tube inserted for topical

administration of penicillin for a period of ten days. This drug was also given intra-

muscularly for three months after the operation. Primary healing of the wound was se-

cured wdth solid ankylosis of the joint in six months (Fig. 25) . In this case, the pathological

examination showed tuberculosis, secondary infection, and xanthomatosis.

Our conclusions were that, in compound fractures with infection, chances of securing

primary healing were enhanced by thorough surgical removal of infected tissues and non-

viable bone, in conjunction with adequate penicillin therap5^ In most instances, it is

advisable to attempt to obtain complete healing of the bone and soft tissues before under-

taking bone-grafting. The use of metal plates for internal fixation should be avoided if

possible. If such plates are indispensable, they should be removed at an earlj'’ and suitable

time. It is important to avoid tension in closure of the soft tissues. In certain cases, where

closure can be effected only with difficulty and the wound must remain open, a complete

packing of the wound with bone of the cancellous type is justifiable. This is a procedure

articularly applicable where large cavities have occurred at the ends of the long bones,

*^uch as the lower end of the femur and upper end of the tibia, or in extensive septic cavities

in the tarsal bones, especially the calcaneus. In such cases, particularly the tarsal bones,

the soft-part tissues will heal slowly after the graft has taken, and healing will be facili-

tated bj’’ split-thickness grafts and later some plastic procedures to get full-thickness skin

pliable and movable over the surface of the cavity.

SUMMARY AND CONCLUSIONS

In conclusion we should emphasize that the mature elements of either a cortical or a

cancellous-bone graft seldom survive transplantation. Those elements which may survive

and produce new^ bone are the cells of the so-called endosteal and periosteal layers. A

cortical graft is a solid mass of mature elements with its surfaces covered by endosteum

and periosteum. Therefore, it possesses strength, but has little osteogenetic power. On tlm

contrary, cancellous bone is of a loose pattern, with interlacing and branching trabeculaej

every one of Avhich is covered by endosteal cells. It possesses a high osteogenetic pover.

Furthermore, this very loose structure permits of early and thorough revascularization.

Cortical bone as a grafting material is most useful wdiere strength is of primary

tance, as in the ununited fractures of the shafts of the long bones. It may be use o

advantage with cancellous bone wdiich furnishes the osteogenetic medium. Cance ou

bone as a grafting substance is preferable in the treatment of ununited fractures of the en

of the long bones and defects of bone caused by tumors or infection, for fusion of jojn s,

fusion of the spine, and in correction of severe deformity by the open-ivedge type of os eo

In compound fractures with infection, early and complete healing of the

excision of scar, removal of sequestra, plastic procedures on the skin and soft

the use of the sulfonamides and penicillin, is of the utmost importance. Compoun
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BONE-GRAFTING IN SEPTIC CASES

Bone-grafting in the presence of infected bone has generally been regarded by experi-

enced surgeons as a hazardous undertaking. In World War I, such procedures were com-

monly followed by a lighting up of the infection with its serious consequences, including

loss of the graft by sequestration. Therefore, it was a common practice to postpone opera-

tions for bone-grafting in infected compound fractures for at least a year after the wound

had healed. Even then, certain precautionary measures were often adopted, such as exci-

sion of scar tissue, manipulation, and deep massage, in an effort to stir up latent infection

in the tissues. If this occurred, a further postponement of the operation was indicated.

Some surgeons excised the scar tissue in the soft parts, prepared the bed for the graft, and

then closed the wound without actually placing the graft. If this did not cause a flare-up

of infection, a second operation was performed to place the graft. It is true that a large

proportion of these grafts were taken from the tibia, although Eloesser pointed out that

rib grafts, in whole or in part, withstood infection better than cortical bone. At that time,

the viability of cancellous bone in the presence of infection was not generally appreciated.

In World War II, many compound fractures healed without infection because of the

thorough excision of the wound, early secondary closure, and the use of penicillin and the

sulfonamides. Furthermore, experience has shown that, where infection of the bone has

occurred, the operation, including bone-grafting, can be performed earlier, if infection is

controlled by the judicious use of penicillin before and after the operation. An excellent

article on the use of various types of bone grafts in the treatment of infected compound

fractures has been published by Moore.

In this group of infected compound fractures, there are many cases of non-union

without loss of bone substance. The cases without defects may be treated in much the

same manner as described in the section on Bone-Grafting in Clean Cases.

During the recent War, one of us (L. C. A.), in his capacity of Civilian Consultant

in Orthopaedic Surgery to the Secretaiy of War for the Ninth Service Command, was
privileged to witness the methods employed by a number of excellent orthopaedic surgeons

in the treatment of major defects in bone in compound infected fractures. All of these

surgeons agreed on the advisability of obtaining a healed wound by removal of infected

scar tissue and sequestra and the use of plastic procedures, before resorting to the operation

of bone-grafting. They also agreed that so far no surgeon had the final answers to the best

method of bone-grafting a defect in bone. In one Center, a group of cases was reviewed
which had been operated upon by Colonel Carl Horn and his assistants. Major defects,

after resection of segments of the shafts of the long bones for the eradication of infection,

were filled by cortical grafts, two or three in number, obtained from the tibia and fibula.

Particularly in defects of the femur, triple grafts were used,—one obtained from the tibia,

the other two by inserting a long segment of the fibula. These grafts were fixed to the
fragments by screws, while the span between the grafts was filled by cancellous bone from
the ilium. Too short a time has elapsed to pennit an evaluation of the end results in these
cases, but in reply to a recent inquiry Colonel Horn states, “some general statements that
appear justified at this time are:

“1. In complete defects of bone, where shortening is not desirable, the use of dual
cortical grafts or triple cortical grafts (one tibial and two longitudinally split fibular

grafts) combined with cancellous bone has given the best results. For example, (a) one
patient with a three-inch defect of the femur treated with dual cortical tibial grafts and
cancellous bone had clinical and roentgenographic evidence of union at five months; fb)
one patient with a seven-inch defect of the femur treated by triple cortical and cancellous
grafts had complete incorporation of the grafts at seven months, but he fractured the
giaft at a mechanicallj’’ veak spot on exercise. The fracture is realigned perfectly, but it
will probably need some more cancellous bone to hasten recoverv.
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and postoperative use of penicillin. Considerable success has attended this method of

treatment in cavities occurring in the ends of the bones, particularly in some of the

cases of chronic infected cavities of the calcaneus. Starr has used cancellous bone to fill

these cavities, together with primary closure of wounds by plastic procedures. Successful

closure, without breaking down of the wound after the operation, has been secured in a

high proportion of cases. It is essential, as emphasized by Rhinelander and Starr, that

cancellous bone only be used. Cortical-bone chips sequestrate with uniformity. These

surgeons have kindly permitted us to refer to their work in this article.

In our own work at the University of California Hospital and affiliated hospitals, we

have had a series of fifteen cases of infected compound fracture and one case of tuberculosis

of the knee of many years’ duration with formation of secondary infection and a sinus.

The joint was excised, and the cavities in the lower end of the femur and upper end of the

tibia were filled with iliac bone. The wound was closed, with a tube inserted for topical

administration of penicillin for a period of ten days. This drug was also given intra-

muscularly for three months after the operation. Primary healing of the wound was se-

cured with solid ankylosis of the joint in six months (Fig. 25) . In this case, the pathological

examination showed tuberculosis, secondary infection, and xanthomatosis.

Our conclusions were that, in compound fractures with infection, chances of securing

primary healing were enhanced by thoi-ough surgical removal of infected tissues and non-

viable bone, in conjunction with adequate penicillin therapy. In most instances, it is

advisable to attempt to obtain complete healing of the bone and soft tissues before under-

taking bone-grafting. The use of metal plates for internal fixation should be avoided if

possible. If such plates are indispensable, they should be removed at an early and suitable

time. It is important to avoid tension in closure of the soft tissues. In certain cases, where

closure can be effected only with difficulty and the wound must I’cmain open, a complete

packing of the wound with bone of the cancellous type is justifiable. This is a procedure

particularly applicable where large cavities have occurred at the ends of the long bones,

ich as the lower end of the femur and upper end of the tibia, or in extensive septic cavities

in the tarsal bones, especially the calcaneus. In such cases, particularly the tarsal bones,

the soft-part tissues will heal slowly after the graft has taken, and healing will be facili-

tated by split-thickness grafts and later some plastic procedures to get full-thickness sbn

pliable and movable over the surface of the cavity.

SUMMARY .AND CONCLUSIONS

In conclusion we should emphasize that the mature elements of either a cortical or a

cancellous-bone graft seldom survive transplantation. Those elements which may survive

and produce new bone are the cells of the so-called endosteal and periosteal layers. A

cortical graft is a solid mass of mature elements with its surfaces covered by endosteum

and periosteum. Therefore, it possesses strength, but has little osteogenetic power. On tne

contrary, cancellous bone is of a loose pattern, with interlacing and branching trabeculae,

every one of which is covered by endosteal cells. It possesses a high osteogenetic pover.

Furthermore, this very loose structure permits of earlj'^ and thorough revascularization-

Cortical bone as a grafting material is most useful where strength is of primary

tance, as in the ununited fractures of the shafts of the long bones. It may be use

^

advantage wdth cancellous bone wdiich furnishes the osteogenetic medium. Cance oi^

bone as a grafting substance is preferable in the treatment of ununited fractures of the en^^

of the long bones and defects of bone caused by tumors or infection, for fusion o

fusion of the spine, and in correction of severe deformity by the open-ivedge type o os e

In compound fractures with infection, early and complete healing of the

excision of scar, removal of sequestra, plastic procedures on the skin and soft

of the sulfonamides and penicillin, is of the utmost importance. Compoun
the use
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Fig. 21

A: Chronic osteomyelitis of the radius
with massive sequestration.

B : After sequestrectomy and resection

of involucium.

C and D

:

Two montlis after grafting
with cancellous bone.

E and F: Ten months after grafting,

showing restoration of radius and
its medullaiy canal.

It was of interest in observ-

ing these patients throughout tlie

Ninth Service Command to note

the tj^pe of fixation that was
used. Internal fixation was ob-

tained by wire, screws, or metal

plates, while external fixation

was secured by plaster-of-Paris

or splints. It was the general

opinion among the orthopaedic

surgeons of the Command, as well

as our own, that the less metal

employed in these old infected

wounds, the better. Not only

was a flare-up of infection more
common, but it was felt that the

presence of metal, especially in the form of a large plate, definitely hindered the formation
of bone, held the ends of the fragment apart, and thereby helped to prevent union of the
fragments. If internal fixation was decided upon, it was felt that it should be regarded as
a temporary expedient and that it should be removed after it had fulfilled its function.

In other arny Centers, other methods have been used in the treatment of massive
defects. At the meeting of The American Academy of Orthopaedic Surgeons in Januar}'-
1946, Flanagan and Burem had an exhibit showing the technique of their method. Defects
of the femur and tibia were obliterated by massive sliding grafts. It was our opinion that
this method required an operation of considerable magnitude. Its use, we believe, should
VOL 28, NO. 2, .APRIL 1847
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Various theories have been advanced to explain the development of deformities in

poliomyelitis. The early idea had been that they were brought about by the unopposed

action of the muscles which were not affected. Lowman considered the cause of this de-

formity as an unbalanced action between the rotators of the flexed knee,—either from

definite overaction on the part of the biceps, or “as a passive attitudinal deformity in

which the external rotator has shortened with insufficient opposition on the part of the

internal rotator". Bradford and Lovett state: “Volkmann . . . explained nearly all the

deformities on mechanical grounds, urging that the deformities were developed partly by

reason of the weight of the limbs concerned and the position which they assumed when at

rest, and partly because of the muscular insufficiency of the affected limbs which allowed

the articular surfaces to be subjected to an excessive pressure when brought into use, which

had the effect of gradually pressing them into abnormal position”. Yount felt that postural

influences must be paramount in external rotation belo\v the knee, and that muscle im-

balance could not be the explanation. The grouping of paralyzed muscles at the knee

wdiich would lead to muscle imbalance would be paralysis of the internal rotators without

involvement of the external rotators. Yount repeatedly observed this deformit)’- w^hen this

grouping wms not present. He postulated further that there was a pathological contracture

of the tissues on the outer side of the knee, particularly of the iliotibial band, and not

merely an overaction of the external rotator. He maintained “that the tensors of the fascia

lata wdren in a state of contracture may’- be effective in producing external rotation of the

tibia, though normally they have no such action”.

The evidence submitted here seems to point to the mechanical factor as being of prime

importance in the development of this deformity, associated with a definite grouping of

muscle paralysis. Furthermore, the facts presented support the belief that abnormal

external rotation of the leg wull occur under the following circumstances; and that, in the

absence of any one of these, this deformity is not likely to occur.

1. Complete paraly'^sis of the internal rotators at the hip (in a few instances, slight

power wms present, rated at poor minus, or 10 per cent, muscle)

.

2. No support, or incomplete support, of the extremity during the first few' months of

illness, so that the entire low'er extremity assumed the position of e.xternal rotation for a

major portion of the time.

3. Complete or severe paralysis of the muscles at the knee. This included both the

flexors and extensors, w'hose powmr w'as not better than poor, or 20 per cent, muscle.

The foregoing statements are based upon a study'’ of the anatomy’’ and mechanics of

the knee joint and its supporting structures, and an analy’sis of 125 patients (or 250

extremities) at the New' York State Reconstruction Home.

ANATOMY AND MECHANICS

It is not intended to review' completely’’ the entire anatomy' of the structures around

the knee, but rather to discuss those facts that are pertinent to the question presented.

The knee is a hinge joint, formed by the articulation of the low'er end of the femur

with the upper end of the tibia. The fibula is veiy firmly attached to the posterolateral

surface of the upper end of the tibia by the anterior and posterior tibiofibular ligaments,

so that, in movements at the knee joint, it forms a single mass unit with the upper end

of the tibia.

The knee joint possesses flexion and extension in the sagittal plane, and inw'ard an

outw'ard rotation in the transverse plane. This axial rotation occurs only' in flexion; w'ln e

in full extension, the joint is locked against it. At the end of extension the external rotation

of the tibia on the femur, w'hich is normally’’ present, is checked by' the tibial collateia

ligament, which becomes taut®, particularly' in its posterior portion. The cruciate liganmn s

offer no check action to this motion, because they uncross during outw'ard rotation, i”

thermore, it has been shown that, when the cruciate ligaments are seA'ered in full extension,
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Fig.

Cancellous iliac bone graft between metacarpals.

A\ Appearance of graft three months after placement.
B\ Appearance of graft five months after placement and two months after specimen was taken for

blops3^
.

C : Appearance of graft two years after placement, showing medullary canal well established.

years old, with a compound fracture of the tibia with infection and loss of substance, a

metal plate and iliac graft showed union and the formation of cortex and medulla in

approximately one and one-half years (Fig. 22). In another case, in which a pure can-

cellous graft was placed between the first and second metacarpals, the cortical surfaces

began to form in three months; after two years there was complete restoration of the

marrow canal (Fig. 23) . .

If the area of union is subjected to strain before this differentiation occurs, especially

at the center of the shaft, refracture is almost certain to occur (Fig. 24) . It is our sugges-

tion that it may be best to attempt to bring about union of- the fragments by the use of

a highly vascular media—namely, cancellous bone—by a first-stage operation, and then

to take advantage of this highly vascular media by planting one or more cortical grafts

so that they can be uniformly revascularized and replaced along their entire lengths, rather

than at their upper and lower ends. We have had one such case in which bony union has

occurred.

We wish to emphasize that in all these procedures of bone- grafting, the less metal
used for interna] fixation, the better. There is ample clinical evidence to show that in-

fection is more frequent, and bone formation is impeded where the fragments are fixed

by screws, bolts, wires, and particularly large metal plates. Furthermore, the site of

insertion of a metal screw is often the first place to be invaded by granulations, which
in turn cause absorption of bone. If the screw and fracture line are in proximity, a

loss of continuity of bone substance is readily established, and, with minimal trauma,
a refracture occurs. If screws are to be used, they should be placed as far from the

fracture line as is consistent with adequate fixation. If plates are to be used, thej’^ should
be removed at an early date to minimize the added risk of infection and interference with
new-bone formation. However, in fractures of the shaft of the femur, Ave would suggest
the avoidance of their use entirely and the substitution of plaster-of-Paris or splints with
sufficient traction to maintain alignment.

In both civil and military life, the surgeon is faced with the problem of treatment of
compound fractures involving the long bones, which are complicated by infection, the
formation of cavities, and incomplete union. In the Military Seiwice, these chronically in-
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Fig. 3

A shows knee joint, as seen from above. B shows ankle joint, seen from below. Drawing
demonstrates the angle of normal e.xtcrnal rotation of the axis of the ankle joint to the trans-

verse axis of the knee .lomt.

rest, eitlier tlie external and internal rotators were of equal strength or the inner hamstrings

were slightly stronger.

The role of the iliotibial band in this deformity is questionable. This structure inserts

on a tubercle on the proximal surface of the tibia, mid-way between the apex of the patella

and the head of the fibula. With the knee in full extension, its direction of pull is along the

line of the lateral side of the knee, practically mid-way between the anterior and posterior

planes
;
and mechanically it would cause abduction of the leg, rather than rotation, if k

were contracted. Furthermore, if adaptive shortening of the iliotibial band were an im-

portant factor in this -deformity, fasciotomy of the band with intermuscular stripping

should release any resistance that it might offer to manual correction of rotation. This was

not true in one of our patients, upon whom this operation was done bilateral^ to correct

hip-flexion contracture. Postoperatively, the seAmre external-rotation deformity (one leg

to 70 degrees and the other to 50 degrees) remained unchanged, and could not be altered

manually AA'hen the knees Avere fully extended.

In summarizing the discussion of the anatomy and mechanics, the foiloAving facts are

emphasized: The fulcrum of axial rotation at the knee is medial to tlie mid-line of the

joint, so that the greater Aveight mass is’ lateral. The joint presents more laxity AAdien its

supporting muscles are scAmrely paralyzed, thus lessening the checkrein actiAuty of the

tibial collateral ligament to increased external rotation. As a result, AAdien the entire lower

extreinity assumes a position of external rotation from the hip doAvnAvard, the poition

beloAY the knee increases its external rotation above normal and gives rise to this deforini y-

ANALYSIS OF CASES

One hundred and tAventy-five patients were studied, ranging in age from seven to

tAventy-nine years. Younger children were not included, because it Avas felt that the us o
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fected cavities have been treated by excision of scar, curettement of their walls, and second-

ary plastic methods to obtain healing. Bone-grafting to fill the bone cavity has been

delayed until firm healing has occurred.

Fig. 25

A and B: Tuberculosis of knee joint with sinus and secondaiy infection. (Note e.xtensive destruc-
tion of .joint.)

C and Z); Four months after excision of joint and filling of cavities \Yith cancellous bone from the
ilium.

E and F: Solid fusion of joint one year after the operation.

In certain cases, where obliteration of the cavities is difficult to obtain or where meth-
ods to cover them have failed, Rhinelander has resorted to filling them with pure cancellous
bone with partial closure of the skin over the graft wherever possible, and the preoperative
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TABLE I

Analysis of Cases of Paralysis of the Lower Extremities

No. of
Rotation History of Support \

Group Cases First Leg
{

Second Leg None Good Unreliable'/^

A 3 Severe Severe 2 1

2 Sei’ere Moderate 2 I

4 , Severe Normal 2 2

1

2
1

Moderate Moderate 1 1 .

i

9 Moderate Normal 3 3 3 \
1 26

i

Normal
1

Normal 19 7
^

B
1

1
1

Severe
1

Normal 1*

3 Moderate Moderate 1 1 1

1 3 Moderate A'ormal 2* 1

8 Normal X'ormal 6 2

C 2 Severe Normal 1
1

1

1 Moderate i Moderate ' 1

6 Normal
|

Normal 2 4

D 1 Sei'cre Normal 1

6 Moderate
I

Normal 6

5 Normal
1

Normal 3 2

E 4 Normal
1

Normal 2 2

Total 86 21 38 27

* Support was used, but it was inadequate in the leg presenting the deformity.

^degrees plus or minus 1.25 degrees of variation (Fig. 3) . Steindler states that the angle is

'SO degrees. Although the average in our series was 25 degrees, ranging up to 30, allowance

has been made for error, because our method admittedl}’- could not be so accurate as that

used by Elftman. As a result, for the purposes of this study, the normal was considered

to be as high as 35 degrees. Rotation of from 35 to 50 degrees w'as considered- moderate,

and 50 degrees or above was considered severe.

Eighty-six patients with poliomyelitis had severe or complete paralysis of one or both

lower extremities. Thirty-seven of them demonstrated external-rotation deformity,—ten

patients in both extremities and twenty-seven in one extremity. In one of these, the onset

of poliomyelitis Avas in 1943; in twenty-two, in 1944; and in fourteen, in 1945,—about four

months prior to this examination. A careful histoiy was taken of the extent of support to

the paralyzed extremity during the first four months of illness. Information was obtained

as to whether a bed board, pillows, sandbags or posterior splints, with or without crossbars,

AA'ere used to support the extremity and hold the foot in neutral rotation. A reliable history

was obtained in fifty-nine cases, or 69 per cent Notation was made of those udio gave a

definite history of support, those Avho had no support or whose support Avas not adequate

for the major portion of the time, and those in whom the history was too indefinite to be

considered.

Table I presents an analysis of those cases ndth complete or severe parafi^sis of one

or both lower extremities. The extent of external rotation in each leg is recorded as severe,

moderate, or normal. Notation is made of the extent of paralysis, with particular attention

to the internal rotator of the hip and the muscles around the knee. Exceptions, which were

few, are also noted (Figs. 4 and 5)

.

Group A includes the cases which shorved zero muscle power in both lower extrenn les,

including the hips. In six instances the external rotator at the hip, with or without t le

knee extensor and the hamstrings, shouted slight power, rated as poor minus or poor.

^

The cases in Group B showed zero muscle power in one extremity and pooi-nunu^

power of the internal rotator of the hip, with no better than poor pmver tliroughout ^

of the other extremity. In six instances, fair power was present either in the knee ex ei

or the hamstrings.



COUTICAL AND CANCELLOUS DONE AS GRAFTING MATERIAL 413

fractures, with loss of substance, remain a difficult problem, although notable advances

have been made in their treatment during the recent War. If there is moderate loss of

substance, success has attended the use of dual or triple grafts of cortical bone, with can-

cellous bone alone, or with the two types used jointly. It is true, however, that, in many

cases with extensive defects, healing across the gap may be incomplete, or fracture may

occur through immature callus. In such cases several bone-grafting operations may be

needed. In some instances, it is best to perform the operation in two stages. In the first

stage, the gap is filled with cancellous bone to secure early union of the fragments and to

provide a continually vascular bed to which the cortical grafts are applied at the time of

the second operation. Uniform revascularization of the cortical grafts may then be secured

with complete consolidation of the fracture.

In cases of non-union or cavity formation with infection where healing of the wound

cannot be obtained, particularly in the ends of the long bones and the bones of the carpus

and tarsus, it is worth while to use cancellous bone as a grafting material. In such cases,

union of the fragments or obliteration of the cavity may be secured. It should be empha-

sized here that, in our experience, we have found cancellous bone to possess a high degree

of viability in the presence of infection, particularly if penicillin is employed before and

after the operation. On the contrary, a cortical graft seldom survives infection, and gen-

erally is extruded from the wound as a sequestrum.
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THE TREATMENT OF FRACTURES OF THE FEMUR IN A FIELD HOSPITAL

BY IVAH ALYIK, M.D.*, SANBYIKA, N^ORtVAY

Although improved methods of emergency traction splinting and of treating sliocL

have greatly reduced the mortality from combat fractures of the femur, management o

the more difficult cases still constitutes a considerable problem. Treatment in the nel

must include measures to provide a maximum of immobilization of the fracture fragments,

together with a minimum of interference with the transportation and nursing care of tie

patient.

A method of reduction and immobilization, devised at Field Hospital No. 1
,

proved satisfactory in fulfilling these requirements, and has the additional advantage o

facilitating active motion of the knee joint and of the ankle joint.

TECHNIQUE

The patient lies on a padded pelvic support, with the knee joint flexed to a right angki

* Formerly Chief of Norwegian Field Hospital No. 1.
^

the journal of bone and joint SUBUE



EXTERNAL ROTATION OF THE LEG IN POLIOMYELITIS

BY SAMUEL C. YACIININ, M.D., PASSAIC, NEW JERSEY

From the jYcw York Slate Rccouxtruclion Home, WesL HaversLraw, New York

Major advances have been made, since 1900, in the knowledge and application of the

principles of orthopaedic care in poliomjmlitis. This is true, not only with respect to the

surgical means of overcoming or improving disability, but also as regards the prevention

of deformity. Lewin has postulated tliat no major deformity should be permitted to occur.

Ruhrah has set forth the idea that “the causes for subsequent deformity develop early, and

prevention should start at once”. Tlie recognition and application of these two principles

will materially reduce the incidence of external rotation of the leg,—commonly called

external torsion of the tibia. The author believes that this deformity develops early and

can be prevented.

The existence and the importance of this deformity cannot be doubted, and have long

been recognized bj'^ manj’’ orthopaedic surgeons. Lowman, who observed the work of Hoke
in Atlanta, stated: “Many operated foot cases were relapsing because the rotation de-

formity had received no consideration”. Bradford and Lovett stated : “There is a tendency

to outward rotation of the tibia upon the femur in eases of long-standing paralysis of the

leg. In this case the eversion of the foot in walking is a troublesome complication.” Whit-

man noted the presence of outward rotation of the

tibia in confirmed knock-knee. Hatt and Hough
demonstrated the presence of tibial torsion in nine-

teen patients out of eighty-six with deformity around

the knee. Smith described a case of equinovarus

deformity, due to an imbalance of the lateral sta-

bilizers, which was associated with abnormal “out-

ward rotation or torsion of the entire tibia and fibula

at the knee”. He stated that the varus deformity

was likely to recur after correction unless the torsion

was overcome (Fig. 1). Crego and McCarroll ana-

lyzed recurrent deformities in 1100 consecutive sta-

bilizations of paralytic feet. They noted that in

eighteen out of forty-three instances, associated with
other malformations in the remainder of the extrem-
ity, external torsion was responsible for the recurrent

deformity, usually causing varus of the foot. In
seventeen other cases in which external torsion was
combined with knock-knee, either varus or valgus
of the foot recurred. O’Donoghue reported that one
of the major factors in the production of disability

in children, as observed in a large orthopaedic clinic,

had been “a definite rotation of the lower leg with
a disturbance of relationship between the knee and
ankle . .

Thus we see that external rotation of the leg has
been encountered quite frequently, and its impor-
tance has not been oA'^erlooked. Correction has been
accomplished by simple osteotomy of the upper
fourth of the tibia, or by the controlled rotation osteotoraj’- described by O’Donoghue. It is

not the purpose of this paper to discuss the treatment of this deformity, but rather to
analyze its cause and the possibilities of its prevention.

'•QL. 29, xo. 2, APRIL 1947

Fig. 1

This patient, whose poliomyelitis
began in 1941, is ambulatory with a
brace for the left ankle. The leg is in
45 degrees of external rotation. The
patellae, tibial tubercles, and crests are
outlined. Varus deformity of the foot
is present, and is apt to recur after
foot correction unless the external ro-
tation IS corrected bi" tibial osteotomy.
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SY^'IPOSIU^'I ON THE INTERVERTEBRAL DISC

Introduction *

BY ARTHUR G. DAITS, M.D., ERIE, PENNSYLVANIA

In assembling this Symposium, it was the aim of the Chairman to determine, if pos-

sible, the points upon which there was general agreement, and to explore the possibilities

of resolving differences in diagnostic approach and therapy. It seemed natural that a

subject which was onlj’- ten years old should contain considerable divergence of opinion.

Information concerning intervertebral-disc pathology was very meager prior to the revo-

lutionary work of Barr and Mixter. In 1927, the writer had occasion to search the world

literature for evidence of involvement of the intervertebral disc in spine injuries. In the

wdiole mass of literature on spine injuries, only two references could be found to indicate

that the disc was involved^'^. Having the results of this review^ of the literature in mind,

the author made the observation, in a paper written in 1929, that the intervertebral disc

appeared to be relativelj'^ immlnerable. No sooner had this observation been made than

the monumental work of Schmorl and Junglianns appeared. Two other significant observa-

tions—namety, those of Goldthwmit and Dandy—complete the significant information as

of the year 1934. Up until this time, the cause of low-back pain with sciatica hovered

largely between lumbosacral and sacro-iliac concepts.

The splendid work of Barr and Mlvter, aided by Hampton, in 1934, therefore, struct:

the medical profession like a mental tidal wave. While this revolutionary concept involved

the profession as a whole, the responsibility for its development devolved upon two special

departments,—neurosurgery and orthopaedic surgery. It is not surprising that, with the

different backgrounds involved in these two departments, the discovery of Barr and Mixter

was interpreted differently.

In assembling this Symposium it wms natural, therefore, to select the contributors

from those who had had the longest experience with the subject in both fields of surgery,

as well as from those in the related fields.

At the time this Symposium wms presented, the author had treated approximately

250 cases of protruded intervertebral disc. From the eight5’--four replies to a postcard

questionnaire, it was learned that sixty-two patients had returned to their former occupa-

tions and eighteen had changed their occupations; 90 per cent, had been relieved of their

sciatica. The remaining 10 per cent, had recurrences or low-back pain. The recurrences

were usually at an interspace other than the one found to be immlved at the former opera-

tion. It wmuld appear that, because of the inability of the patient to assess his own s}unp-

toms, the only fulW significant end-result study is the one which includes a personal

interview and examination of the patient.

,
Experience with the frequency of recurrence in cases in which fusion was not done,

the fact that protrusions occur largelj”- in the twm lowmst intervertebral spaces, and the

high frequency^ of unstable lumbosacral junctions have convinced the wuiter that in mos

cases, if not all, operation should include posterior fusion from the fourth lumbar verte ra

to the sacrum. Approximately 150 consecutive cases have been treated in this manner,

and recurrences have practically been eliminated. .

.

It is hoped that this “taking of stock” and the recording of the salient facts on

subject at this time wall serve to clear away some of the confusion in a very new'

will help to reconcile wadely divergent points of view' betw'een neurosurgeons and or

paedic surgeons.

* Presented at the Annual Meeting of The American Orthopaedic Association, Hot Springs. Vir-

ginia, June 27, 1946.
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Fig. 2

Articular surface of the tibia, as seen from above. Tlie anterior cruciate ligament is attached

to the tibia close to the medial condyle of the tibia and medial to the longitudinal axis of the

tibia.

stability is not altered except for slight anterior and posterior increased motion. The

anterior cruciate ligament is someivhat taut in full extension.^” It is important to note

that its attachment to the tibia is medial and anterior to the intercondyloid eminence, a

point which would seem to represent the fulcrum around which the axial rotation of the

tibia occurs. Purthermore, Steindler states that: “The longitudinal axis of rotation . . .

falls within the median condyle”. This attachment of the anterior cruciate ligament is close

to the medial condyle of the tibia, and medial to the longitudinal center of the tibia at its

upper end (Fig. 2) . Since the tibia and fibula must be considered as a single mass unit in

motion, this fulcrum of axial rotation is even more medially placed in relation to the

longitudinal center of the knee joint. Examination of the joint will show that the distance

from the medial surface of the tibia to this fulci-um is three-eighths of the total transverse

distance from the medial surface of the tibia to the lateral surface of the fibula. Thus it is

apparent that the greater weight mass at the knee joint is external to the longitudinal

center of rotation. If it were not for the stabilizing action of the ligamentous and muscular

supporting structure, the leg would, of its own weight, fall into external rotation.

A detailed discussion of the anatomy of the supporting muscles around the knee is not

required. The important point is that, when they are severely paralyzed, the joint suffers

loss of stability. It has been shown in innumerable instances that the first and principal

safeguard of the integrity of a joint is the muscle; and that, without it, the joint eventually

would become relaxed and even dislocated. For instance, in cases of severe paralysis at

the shoulder, the force of gravity is ample to bring about such a relaxation of the un-

protected joint that subluxation and even real dislocation may result. This may also

occur at the hip joint, particularly in instances of unprotected weight-bearing on a severely

paralyzed hip. The knee joint, likewise, demonstrates definite increased laxity when its

supporting muscles are severely paralyzed. Definitely increased motion, both antero-

posteriorty and laterally, can be elicited. This is much more apparent in flexion. In full

extension, Avhen there is increased external rotation, the slack of the lax tibial collateral

ligament is taken up at the extreme of rotation, so that undue motion on the inner side of

the knee joint by abduction of the leg is difficult to demonstrate manually.
The theory that this deformity is caused by a muscle imbalance of the rotators of the

knee postulates the presence of a paralytic grouping in which the biceps femoris is stronger
than the inner hamstrings. Such a situation was found in only three of our cases. In the
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The questionnaire was simpty worded, so that “yes” or “no” could be checked in reply

to the following questions:

1. Have 3’ou been free from pain in the back or in the leg?

2. Have jmu had an3'- recurrence of pain?

3. How mucli time elapsed after operation before .your pain was relieved?

4. Do }'ou ha\'e an5
’' persistent numbness in the leg?

5. Do you have stiffness of the back or of the leg?

6. Do 3’ou have weakness of the back or of the leg?

7. Do jmu wear a back support?

S. Have j-’ou returned to work?

9.

How long after the operation did you return to work?
10. What type of work are j’ou doing?

11. Can .vou return for an examination?

A separate letter was enclosed, stating that the examination would be made by the

author, and an appointment was made for the patient.

Questionnaires are not reliable for exact information. It was extremely difficult t

evaluate the replies, because the answers did not qualify the degree of symptoms. Eve;

the replies of those patients who were later examined did not give an accurate suramatio]

of their difficulties. However, by comparing the patients examined with their questionnair

answers, a fairly good estimate could be made of the replies of those patients who wer

not examined.

Few of the patients were entirely relieved of all' symptoms so that thej’’ could b

classified as having excellent results, able to perform their normal activities without com

plaint. Howe^’er, of the 147 patients e.xarained, 35 patients, or 23.8 per cent., w'ere entireh

well. The results in all patients were enumerated as good, improved, or not improved. Thi

good results included those that were excellent, but most of the patients in this classifies

tion had some residual complaint, such as back stiffness, ache with excessive activity, oj

slight numbness in the foot or leg. They were not incapacitated, however. The patients ii

this group were 3'ery pleased U’ith their results, wei-e 3'ery much better than before opera'

tion, and did not consider the symptoms disabling. Those who were improved had rnuel

less pain and disability than before operation, but the complaints were of such a natun

as to cause loss of time or to restrict activity, and the results could not be called good

Those who were unimproved were either at the same level of symptoms as before operation,

or perhaps had some complication caused by the operation—such as foot-drop, rigidity

from infection, or excessive weakness of the leg or back—^v.drich made them worse.

Of the entire series of 843 cases, 566, or 67 per cent., were males, and 277,.or 33 per

cent., were females. Of the 147 patients examined, 98, or 67 per cent., were males, and 49,

or 33 per cent., w'ere females.

The results in those examined were as follows:

Good
Improved

Not improved

Totals

The results in those not examined were:

Good
Improved . .

.

Not improved

Totals

No. of Palients Per Cent.

99 67.5

25 17.0

23 15.5

147 100,0

iVo. of Patients Per Cent.

200 59.5

77 22.9

59 17.6

336 100.0

Dandy changed his mode of attack in the disc operation, and, therefore,

series into three phases. Before January 1942, the loose fragment or sequestrum ^
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of their early treatment would he unreliabie and would offer little of value to this study.

The sexes were about equally represented. Thirty-nine cases were used as controls, as a

means of determining the normal range of external rotation. All had normal lower extrem-

ities. Fourteen of these were not poliomyelitic patients; twenty-five had had poliomyelitis

(nineteen with upper-extremity involvement and six with only mild weakness of one or

both lower cxtremiticsl
,
all muscles being fair to good at the time of the original examina-

tion. In addition, sixteen patients had severe unilateral involvement, in which the other

extremity presented normal or only mild weakness of the muscles. Thus a normal range

of external rotation was computed from the measurements of ninety-four extremities.

This proved to be from 15 to 30 degrees, with an average of 25 degrees. Only eight meas-

ured more than 25 degrees, and fourteen less than 25 degrees.

The angle of external rotation was estimated by measuring the difference between the

transverse axis of the knee joint and that of the ankle joint, with the knee in full extension.

The transverse axis of the knee was taken as a line through the joint, parallel to the

examining table, when the patella was in the mid-line with its anterior surface directly

facing the ceiling. The axis of the ankle joint was taken as a line connecting the tips of

the medial and lateral malleoli of the ankle, when the leg was held in the position de-

scribed. A modification of an ordinary goniometer was used for the measurements.

Various investigators have studied the angle of deviation of the ankle joint from the

transverse axis of the knee joint. Le Damany estimated the average in 100 tibiae to be

23.6 degrees: in 50 right tibiae as 25 degrees, and in 50 left tibiae as 22 degrees. Elftman

studied thirty-five male cadavera, and found the average malleolar torsion to be 27.4

Fig. 4 Fig. 5

Fig. 4 : Patient with moderate deformity,—45 degrees of external rotation on the right.
Fig. 5 : Case of severe deformity, with 60 degrees of external rotation on the right and 25 degrees

on the left. The patient is wearing bilateral long caliper braces, attached to a pelvic band. The
right brace holds the foot in correction, but the patella points mediall3^ and the tibial tubercle is
shifted laterallj'.
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cent, had narrowed interspaces, some of them associated with minor congenital anomalies,

such as spina bifida and sacralized vertebrae. There was no distinct relationship between

the narrowed space and the faulty disc. It was either at the level of the narrowed space or

it was at the space above or below it. Five per cent, of the patients had arthritis of the

lumbar spine or sacro-iliac region, or of both. Postoperative roentgenograms showed no

appreciable change in the interspace involved. It is probably too soon to determine

whether the space will collapse or show any evidence of bone fusion.

The location of the defective disc in the 147 patients examined was as follows:

Fourth lumbar vertebra 22 per cent.

Fifth lumbar vertebra . . . 28 per cent.

Fourth and fifth lumbar vertebrae 40 per cent.

Third, fourth, and fifth lumbar vertebrae 7 per cent.

Lesions at higher levels . 3’ per cent.

100 per cent.

Except in a few of the very early cases, the lesion was not localized by an opaque medium I

before operation.

COMMENT

In this series of cases, a neurosurgeon only removed the disc. Fusion of the posterior

spine was not performed in any of the patients examined.

Some of the patients with residual complaints, due to tight muscles or faulty body

mechanics, could be helped by appropriate physical therapy or by fusion.

Since 90 per cent, of the abnormal discs were at the fourth and fifth lumbar inter-

spaces, it seemed unnecessary to use myelograms as an aid to the usual roentgenographic

examination for low-back pain with sciatica.

SUMMARY

In a series of 843 operations for removal of an injured intervertebral disc, 67 per cent,

of the patients were males.

The operation afforded good results in 67.5 per cent, of the patients examined. Of

those not examined but surveyed bj’- questionnaire, apparently good results had been

obtained in 59.5 per cent.

Twent}’- patients required multiple operations for recurrences, in a series of 147 who

returned for examination.

Roentgenographic interpretations are not reliable for accurate localization of the

lesion.
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The eases in Gro^l]) C showed poor minus or poor power throughout both lower ex-

tremities.

The cases in Gimip D presented one extremity with zero power throughout, and the

otlier with fair or better power.

In Group E the cases showed one extremity with poor power throughout; normal

power was present in the other.

An analysis of Table I showed that thirty-seven patients presented external-rotation

deformity of one or both legs. Of this number, twenty-one, or about two thirds, gave a

definite history of lack of support; six, or about one sixth, gave a history of adequate

support; and ten, or about one fourth, gave an unreliable history.

Thus there seemed to be a definite association between the incidence of external-

rotation deformity and a history of no support. When we analyze the group of cases

which presented no deformity, despite severe paralysis of one or both lower extremities,

the facts are even more significant: Forty-nine cases presented no deformity; of these,

none gave a history of no support; thirty-two, or two thirds, gave a history of adequate

support; and seventeen, or one third, gave an unreliable history.

It would appear, therefore, that adequate support to the lower extremity—sufficient

to hold it in neutral rotation from the hip downward—will prevent the occurrence of

external-rotation deformity of the leg.

DISCUSSION

The deformity described herein is more accurately termed external-rotation deformity

of the leg than external torsion of the tibia. Clinical examination will demonstrate that

the entire tibia and fibula are rotated outward, and that the tibial tubercle is definitely

displaced laterally in relation to the patella. The rotation takes place through the knee

joint, around the axis of the attachment of the anterior cruciate ligament on the superior

surface of the tibia. When the supporting muscles around the knee are severely weakened
or paralyzed, laxity of the tibial collateral ligament results. This reduces its action as a

checkrein to increased external rotation. The deformity occurs during the early months of

the illness, while the patient is still confined to bed. The internal rotators of the hip are

severely weakened or paralyzed, thus allowing the unsupported lower extremity to assume
the position of external rotation from the hip downward. When this abnormal position is

not prevented by whatever mechanical means are at hand, and strict attention is not paid
to continued support, this deformity will probably occur.

Note: The author wishes to thank Halford Hallock, M.D., Surgeon-in-Chief, for permission to pub-
lish this papep Grateful acknowledgement is made to John C. McCauley, M.D., for his kindly interest
and constructive criticism.
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because of failure to look for signs of its presence,—such as limitation of chest expansion,
roentgenographic changes in the sacro-iliac joints, and elevation of the blood sedimenta-

tion rate.

One must consider and rule out in each suspected case of ruptured intervertebral disc

a long list of diagnostic possibilities, including infectious processes, tumors, and mechanical

lesions. Granted that ruptured intervertebral disc is the most common cause of intractable

low-back pain and sciatic pain, it is not the only cause. No attempt will be made in tins

paper to review completely the characteristic clinical findings of ruptured intervertebral

discs. The medical literature contains many excellent articles on this subject’.

The problem of the accurate preoperative localization of the site of the lesion of a

ruptured intervertebral disc has received a great deal of attention. It has been pointed out

by numerous authors^-® that a lesion of the lumbosacral disc is often accompanied by

paraesthesia or anaesthesia along the lateral border of the foot and the posterolateral

aspect of the leg. The ankle jerk is usually diminished or absent, and there may be

moderate to severe muscle weakness hivoh'ing the gastrocnemius group. A lesion at tbe

fourth lumbar disc often produces pai'aesthesia or anaesthesia of the great toe and the

anterolateral aspect of the leg. There may be weakness or dorsiflexion of the great toe.

The ankle jerk, although sometimes diminished or absent, is generally unaffected. The

presence of a narrowed interspace, as shown in the lateral roentgenogram, will also aid in

the localization of the lesion. Recently, Inman and Saunders have attempted to demon-

strate that pain in the low back and buttocks, complained of in cases of ruptured inter-

vertebral disc, has a segmental distribution which maj’' be of localizingyalue. In the cases

which we have studied preoperatively at the klassachusetts General Hospital in which the

site of the lesion was verified at operation, it has been possible to predict the location of the

lesion by clinical methods in approximately one half of the cases. Although this proportion

of correct localization may be raised by refinements in the technique of examination, it has

not yet attained a really satisfactory degree of accuracy.

Although certain surgeons are willing to operate upon their patients on the basis of

clinical findings alone, tire majority of surgeons throughout the United States believe that

preoperative myelography is indicated in almost every instance. Suclr an e.xamination,

when positive, localizes the lesion, suggests additional areas to be e.xplored, and rules out

or visualizes spinal-cord tumors. It is of value even wiien negative; for, in those cases in

which the clinical diagnosis is ruptured intervertebral disc and in which myelography fails

to show a filling defect, the lesion, if present, will be found at the lumbosacral level' in

almost every case. Therefore, this level should be e.xplored first. At the JMassachusetts

General Hospital, pantopaque is the contrast medium in use at the present time, and it is

used in practically every case preoperatively. It is injected, the roentgenographic examina-

tion is completed, and the pantopaque is removed by aspiration at one sitting. Although

the technique of pantopaque examination is exacting, it is not excessively difficult; and it

causes only transient discomfort which is usually not severe. If the pantopaque is removed

after the examination, there is no reason to fear late sequelae. Its diagnostic accuracy has

been attested by numerous investigators'*-^", the roentgenograiohic findings being positively

correlated with the clinical findings in approximately 90 per cent, of the cases^".

There is and will continue to be a great deal of interest in the proper criteria for the

selection of cases for conservative and for operative treatment. If the presumptive diag-

nosis of ruptured intervertebral disc has been made by clinical examination, the surgeon

must decide whether he is going to treat the patient conservatively or recommend operatn'C

removal of the protruded disc. The advantages and disadvantages of each type of trea
-

ment and the unique problems inherent in each individual case must be carefully con^

sidered. Operative treatment siioufdl, as a rule, be reserved for those patients
^

intractable pain in spite of adequate, conservative treatment, and for those who

dence of moderate to severe nerve-root compression as indicated by muscle wea

paralysis, anaesthesia, and sphincter disturbance. A third group in whom operative
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and the hip to about 110 degrees (Fig. 1). The calf is supported by a wide cloth sling,

suspended from the ceiling by a rope which parallels the longitudinal axis of the thigh;

sufficient traction is exerted through this

rope to correct the overriding. Debride-

ment may now be performed, while an

assistant steadies the suspended extrem-

ity. A second sling may then be placed

Fig. 2

Fig. 1 ; Shows patient lying on pelvic support, with slings supporting the extremity.

Fig. 2 ; Traction apparatus has been incorporated into the cast.

behind the thigh, at the level of the fracture; any posterior angulation of the fragments

should be slightly overcorrected. The reduction is observed by means of portable roent-

genographic apparatus; adjustments of the traction are made; and the corrected position

is maintained while a padded hip spica cast is applied. The cast should be quite stout; it

may be strengthened about the back of the knee by a molded wire splint or a wooden

reinforcement.

The plaster is now cut away from the anterior aspect of the extremity, from just above

the knee downward; this permits motion in the knee and ankle. A traction apparatus is

then incorporated into the cast (Fig. 2) to prevent loss of the reduction and the develop-

ment of pressure ulcers. A Steinmann pin is driven through the tuberosity of the tibia, or

better, through the distal end of the femur. It is important that motion take place between
the pin and the clamp rather than between the pin and the bone; hence a pin of fair size

is preferable to a wire. A splint, applied to the plaster on the anterior aspect of the thigh,

extends to hold a large pulley in front of the knee. The rope attached to the Steinmann
clamp passes over this pulley and is fastened to a strong piece of rubber tubing, folded

according to thickness and strength. The proximal end of this tubing is hooked to the

proximal end of the splint, in order to maintain traction. A spring balance may be inserted

for measurement of the tension; it should then be replaced by a piece of rope of equal

length.

The patient may now be transported on an ordinary stretcher. Adjustable crossed

bars are attached to the handles of the stretcher, forming an angle in which the patient’s

limb, encased in plaster, may rest in the elevated position. If the patient is not to be
transported, balanced suspension of his lower extremity and back will allow him to raise

himself in bed without changing the position of the fragments.

Wedging of the cast to correct angulation of the fragments may be carried out after

the countertraction bar on the anterior aspect of the thigh has been removed temporarily.
Secondary operative procedures may be performed through a window in the cast. Chang-
ing the cast is accomplished readily, the position being maintained by use of the Steinmann
pin for suspension of the e.xtremity.
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definitely significant statisticall5', but such evidence as we had then indicated that, in the

series of cases in which spine fusion was done, the end results appeared to be somewhat

better than in the cases where fusion was not done. Five years have elapsed since that

study was completed, and it seems to us that it is w'orth while to report briefly an end-result

study on a series of cases not reported previousl3^ In February 1946, a questionnaire was

sent to all of our patients who had been operated upon for ruptured disc in the years 1939

to 1943, inclusive
;
each was asked to fill out the questionnaire and to return in person, if

possible, for a check-up clinical and roentgenographic examination.

The questionnaire which each patient filled out and signed wms designed to give in-

formation of a specific nature which could be subjected to statistical anatysis. The records

of all patients who replied were abstracted. The check-up e.xaminations and the anatysis

of the data represent the cooperative efforts of several participants, with a real attempt

to eliminate personal bias. The 234 cases (Table I) include 102 with spine fusion and 132

without spine fusion. The questionnaire used is shown here.

SAMPLE QL'ESTIONXAIRE
Deal

We are checking up on the results obtained in the treatment of ruptured inten ertebral disc, and

should appieciate having youi answeis to the following questions:

1. Do you ha\e any back pain’ If there is any pain, is it mild? Moderate’

Severe?

2. Does youi back feel strong’ Slighth' weak? Moderateb’ weak?

3. Can jou stoop, tnist, and lift without back discomfort? If not. describe briefly.

4. Do you ha\e any pain in the leg’ Any numbness? An}- weakness? If =o,

describe briefly.

5. How soon after operation did your leg pain disappear?

6 Aie you able to do a full day’s woik? If not, nhat is the reason?

7. Ha\e you been forced to change your work or gne up athletics because of back or leg sj-m]

toms’

S What IS your present occupation’ How soon after operation did you retur

to woik’

9. Have 3-ou had any attacks of leg or back p.iin since your operation? If so, describe, giMS

dates and treatment.

CO:\IPARISOX OF THE RESULTS IX CASES IX WHICH THE OPERATIOX INCLUDED
SPIXE FUSIOX AXD THOSE WITHOUT FUSION, AS TABULATED FROIM

ANSWERS OX THE QUESTIONNAIRES RETURNED
1. Do you have back pain?

No back pain
IMild or moderate pain
Seveie pain

2. Does your back feel strong?

Strong

Slighth- or model ately weak

3'er}- weak

Not sufficient data

3. Can vou stoop, twist, and lift without back discomfort?

Without Fusion

A'o of Per
Cases Cent.

59 45 61

60 45 31

13 10 10

132 100 102

Tthout Fusion With ^

iVo. of Pel A'o of

Cases Cent Cases

49 37 59

72 DO 32

11 S 5

132 loo

6

102

With Fusion

Ko of Per

Cases Cent

60

30

D
100

Per

Cent

5S

31

5

100

Without Fusion

A'o. of Pei

Cases Cent.

79 60

53 40

l32 lOF

With Fusion'

No of

Cases

69

30

3

102

Per

Cent

6S

29

100

yes

No
Not sufficient data
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END-RESULT STUDY OF THE INTERVERTEBRAL DISC *

BY RAYMOND E. LENHARD, M.D., BALTIMORE, MARYLAND

Although the intervertebral-disc lesion had been noted before the report of nineteen

cases by Mixter and Barr in 1934, it was soon thereafter that the problem of the ruptured

disc was attacked with enthusiasm, and that most of the operations were performed by
neurosurgeons. This report pertains to a series of patients operated upon by Walter E.

Dandy, M.D., of Baltimore. On numerous occasions his operations for disc injury had
been discussed, and a year ago Dandy offered the author the privilege of communicating
with his patients and of examining them for a postoperative follow-up.

Prior to 1941, Dandy doubted the frequency of ruptured disc as reported up to that

time; but, after seeing many cases, he became convinced that all low-back pain, with or

without sciatic pain, was caused by injury or abnormality of the intervertebral disc. Dur-
ing the jmars 1941 to 1944, inclusive, he operated upon 843 patients. In 1941 there were
117; in 1942, 204; in 1943, 292; and in 1944, 230. The operative technique has been de-

scribed by Dandy, and consisted of removal of the injured disc after an excision of the
ligamentum flavum on the side of the sciatic pain.

In March 1945, questionnaires were sent to all patients who had been operated upon;
513, or 60 per cent., returned the questionnaire, as requested. One hundred and forty-seven
patients returned for examination.

T
Annual Meeting of The American Orthopaedic Association, Hot Springs VirginiaJune 2<, 1946.
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TABLE I

Follow-Up Study *

Year
No. of Patient-
Operated Upon

Number for Whom End Re.sults Were Obtained

Questionnaire Only Que.stionnaire and E.xamination Totals

1939 50 21 14 35

1940 57 17 14 31

1941 91 33 17 50

1942 93 35 19 54

1943 89 33 31 64

Totals 380 139 95 234

* The period of follow-up ranged from 2 to 7 years, with an average of 3.6 3’ears.

sary weakening of the architecture of the spine; and poor postoperative management with

neglect of proper rehabilitation. To the list of cases with poor treatment as the cause of

failure, must be added a group of cases still carried as “ruptured disc’’’ in spite of a negative

exploration.

It should also be frankly recognized that most of these industrial-accident patients

are laborers who, in the course of their ordinary work, subject the back to excessive strain.,

Thej’^ cannot be expected to return to work after a disc operation in less than six months;

and, among the older men who have arthritis or other comirlicating factors, a certain

proportion will never return to full work. Certain others are poorly motivated, ignorant,

and fearful. Psychoneurosis or constitutional inferiority states may produce a total failure

in such men. However, proper selection of cases, proper diagnosis, and treatment give very

satisfactory results in the majority of the cases, and the benefits of surgical treatment

cannot be withheld from them.

TABLE II

End-Result Study in Co.-mpens.atio.v C.^ses

Follow-Up * Back Pain Back Strength

Years No. of
Case-;

Degree
j

1

1 No. of

1

Case.s
Per Cent

.

Degree No. of

Cases
Per Cent.

7 3 None 12 50 Strong 12 50

6 3 f Dlild or f Slight or
38

5 4 \ moderate
9 38 moderate

[ weakness
9

124 5 Severe 3 12 Marked weakness 3

3 6

2 3

Totals 24 24 100 24 100

* Average time of follow-up was 5 j'ears.

Of the 24 patients, 15 (62 per cent.) had no residual leg pain.

Answers to the question, “Are j'ou able to do a full daj'’s work?”, were as follows:

Yes 17 (71 per cent.)

No 7 (29 per cent.)

Answers to the question, “Have you been forced to change 3’our work or give up athletics? ,

as follows:

Yes 9 (37 per cent.)

No 13 (54 per cent.)

No answer 2 ( 9 per cent.)

Four patients (17 per cent, of the cases) did not return to work after the operation.
. j

Five patients (21 per cent, of the cases) had fusion operations. Of these, 3 operation,

the operation was a total failure ;
and 1 did not have spine fusion at the time of the orioina P

Fusion was done later for a weak back. The final result m this case is not yet known.

THE JOURN.'IL OF BONE AND JOINT SUnC®
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TABLE I

PATinNTS Oi*i;iiATr,n Upon

No. of Patients Per Cent.

Piist period 117 13.9

Second period 355 42.1

Third period 371 44.0

Totals 843 100.0

TABLE II

Rc-sults in 147 PiTinxTSi Examined

Per Cent

.

Good Improved Not Improved
•

of Patients (Per Cent.) (Per Cent.) (Per Cent.)

First period 8.9 76.9 7.7 15.4

Second period 30.7 71.1 15 5 13.4

'i'liird period 60.4 64.0 19.1 16.9

TABLE III

Results in 336 Patients Not Examined

Per Cent. Good Improved Not Improved
of Patients (Per Cent.) (Per Cent.) (Per Cent.)

Fust period . 10.1 58.4 20,8
Second period 39.6 57.1 25.6
Third period 50.3 61.5 21.3

moved; between January 1942, and June 1943, a curettage or removal of the entire disc

was done; and after June 1943, multiple discs were recognized and removed entirely. After

operation the patient was usually able to leave the hospital in from ten to fourteen days

with a light canvas support for the back, to be worn for approximately three months.

It was felt that the third procedure w'ould give the best results, but an analysis of the

statistics (Tables 1, 11, and III) showed that the results were not dependent upon the type
of operative removal of the disc.

Recurrences of symptoms, and, therefore, supposedly recurrences of disc lesions, oc-

curred in some of the patients. Of the 147 examined, twenty patients had multiple opera-
tions. Sixteen patients had two operations; of these, six were classified as having good
results, four as improved, and six as not improved. Two patients had three operations,

—

one with improvement and one without improvement. Two patients had four operations
and then had good results. In most of the patients who had multiple operations, tlie first

operation was performed in the second period,—that is, with removal of the entire disc.

Of the patients who had more than one disc explored at the time of operation, many
had “concealed” discs and disc protrusions. Twenty-five cases of concealed disc alone were
found. Of these, fifteen were classified as good results, five as improved, and five as not
improved.

The residual complaints in the patients examined were numbness in the leg, occasional
cramping of the leg or foot, weakness of the back with excessive activity, or stiffness after
being at rest. Some of the findings causing the complaints were postural back strain,

arthritis, tight back muscles, and tight hamstrings. Similar complaints and physical
findings, but of greater magnitude, were found in the improved and unimproved cases.

An analysis of the twenty-three unimproved cases showed ten patients with chronic
back strain, six with chronic back strain who were also very neurotic, three with arthritis,
two with foot-drop, and two with recurrences.

About 25 per cent, of the patients either had had no roentgenograms or the films
could not bo located. Another 25 per cent, had negative findings. Approximately 30 per
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ward or turned slightly upon the unaffected side, it is important that the chest and abdom-
inal lespiratory excursion should be free and unrestricted. This may be ensured by placing'
a pillow crosswise at the pelvis and pillow rolls longitudinally beneath each shoulder, so
as to remove the pressure from the anterior chest wall. The choice of anaesthetic appears
to be unimportant. The operation may be carried out under spinal anaesthesia, supple-
mented by a second intraspinal injection toward the end of the operation, or under general

anaesthesia. A routine blood transfusion helps to prevent shock. The fourth and fifth

lumbar and the first sacral spinous processes and laminae are exposed by bilateral sub-

periosteal dissection. The spinous process of the fifth lumbar vertebra is cut off at its base,

and the ligamentum flavum is dissected off the laminae at the appropriate site. As a rule,

it is necessary to sacrifice a moderate amount of the two adjacent laminae without cutting

either lamina completely across. The removal of the protruding portion of the rup-

tured disc usually presents no difficult problem. In order to prevent recurrence of pro-

trusion at this same level, it is important to remove all remaining free portions of the

nucleus pulposus. The sinus through which the ruptured portion of the disc has protruded

should be enlarged sufficiently to allow the introduction of a pituitary rongeur, and re-

peated attempts should be made to remove all loose fragments of disc tissue. A small

curette on a long, thin handle, set at a moderate angle, is also helpful in removing addi-

tional bits of loose disc tissue. Too vigorous or injudicious curettage of the intervertebral

space is potentially dangerous and appears to be unnecessar3^

Many surgeons routinely e.xplore the lower two interspaces in every case. If an ur

doubted rupture, sufficient in size and location to have caused the patient’s symptoms,

:

exposed and removed at one interspace, it would seem unnecessary to explore the othe

interspace routinely. After removal of the ruptured disc and adequate hemostasis, spin

fusion is done. The technique now used by the writer varies in no essential detail fror

that described by Bosworth. The base of the first sacral and the fourth lumbar spinou

processes are undercut to receive the gi’aft. By means of a curved osteotome, cutting

through the posterior margin of the articular facets on each side, the posterior surfaces o

the laminae of the fourth and fifth lumbar and first sacral segments are turned back

Through a second curved incision along the posterior half of the crest of the ilium, extend

ing downward just lateral to the posterosuperior spine, the outer table of the ilium i

exposed by subperiosteal dissection. By means of osteotomes, a graft of suitable size is

removed from the outer table of the ilium, just below the crest. In addition to the graft

long shavings of cancellous bone are removed from the ilium by a small hand gouge. Tht

iliac graft is carefully notched at each end, and is inserted, medullarj’' surface anterior

between the spinous processes of the fourth lumbar and the first sacral segment, with the

patient’s spine in the acutely flexed position. The operative table is then extended and, as

the spine comes into the straight position, the graft is securely locked between the spmous

processes. If it has been carefully fitted, it will be found to be held firmly in place, and

cannot be displaced even on vigorous attempts. The additional grafts of cancellous bone

are packed along the edges of the iliac graft, and the wounds are closed in the usual fashion.

A plaster-of-Paris splint or a previously prepared jacket may be used to immobilize the

spine postoperatively; but we have found that a simple canvas corset with re-enforcing

steels in its posterior portion, which can be bent to follow the contour of the back, is veiy

comfortable and gives adequate postoperative immobilization. The patient is kept

bed for three weeks after operation. He is turned regularly from side to side, and is allone

to lie for part of the time on his face. After the first week, bed exercises are begun to "cap

the muscles of the trunk and extremities in good tone. At the end of three weeks,

patient is allowed to be up, with the lumbar spine immobilized by a properly fitte ac

brace. It is important to maintain the lumbar spine in full extension at all times, b

and walking probably cause less discomfort and strain on ilm

sitting. Practically all -patients are ambulatory and have been discharged from tlie p
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RUPTURED INTERVERTEBRAL DISC AND SCIATIC PAIN *

BY JOSEPH S. BABB, M.D., BOSTON, MASSACHUSETTS

As students of the defects and diseases of the human frame, we are daily reminded

that the truth is hard to come by, and that our knowledge of any medical subject is in-

complete, defective, and capable of continually being increased. Therefore, our intellectual

concepts require frequent re-examination and revision. We meet today to re-examine the

present status of our knowledge with regard to intervertebral-disc lesions in the low lum-

bar spine. Fact and opinion are as closely related as cause and effect. None of us can

acquire facts with regard to disc lesions without developing opinions as to their etiology,

diagnosis, and treatment.

In this p&per there will be revieived some pertinent facts with regard to these Jesions,

which are well substantiated, and certain opinions will be expressed which are personal

interpretations of questions which arise in all our minds.

The syndrome of the ruptured disc which, pressing on one or more of the nerve roots

of the lumbosacral plexus, causes intractable sciatic pain, has been so well demonstrated

that it is accepted and recognized by practically every physician today. Our knowledge of

the syndrome is still incomplete, but it is increasing rapidly; and there is every indication

that acrimonious debate and empirical speculation are giving way to agreement on the

basis of documented and verified information. Although a “snap” diagnosis of this con-

dition can be made in many cases from the history alone, it is unsound medical practice

to indulge in hasty or slipshod methods. A careful, complete history and physical exami-
nation are indispensable to accurate diagnosis and treatment.

A ruptured intervertebral disc may cause no symptoms; it may produce a classical

case with essentially all the usual signs and symptoms; or it may produce atypical and
variable symptoms and signs. The presumptive diagnosis of ruptured intervertebral disc

should be made clinically, not on the basis of a few signs and symptoms, but on all the
available evidence,—that is, a complete history, physical examination, and the pertinent

laboratory data. In many cases where the diagnosis is obscure, it will be helpful to repeat
the examination, particularly during an exacerbation of the symptoms.

It is important to realize that patients with back pain, but no leg pain, may be suffer-

ing from a ruptured intervertebral disc; in some of these patients, “classic” symptoms
and signs of sciatic pain wall eventually develop. If the disc rupture is small or is placed far

laterally, it may produce only local backache. Such a lesion will escape visualization by
contrast myelography and it will in most instances escape visualization at the time of

laminectomy^. It may be that, in a certain number of rather typical clinical cases in which
exploration fails to reveal a ruptured disc, the patient with sciatic pain may actually

have a ruptured disc, but placed so far laterally that it escapes detection. Whether uni-

lateral facetectomy and a radical exploration should be done in such cases, or whether the
surgeon should be content to do a spine fusion without facetectomy, is still an unsolved
problem.

Disc lesions, however, are not the cause of all mechanical backaches. Acute liga-

mentous and muscle strains do occur. Backache due to postural defects is common. It is

relieved by postural exercises and support, and it is unfavorably influenced by lami-
nectomy in a search for a non-existent disc lesion. Ankylosing arthritis (Striimpell-Marie
disease) can produce signs and symptoms almost indistinguishable clinically from a disc
lesion, and in many early cases of this type of arthritis, operations have been performed

* Read at the Annual iMeetmg of Tlie American Orthopaedic Association, Hot Springs, Virginia
June 2<, 1946.
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THE DISC FACTOR IN LOW-BACK PAIN WITH OR WITHOUT SCIATICA*

BY J. GRAFTON LOVE, M.D., ROCHESTER, MINNESOTA

From the Section on Neurological Surgery, Mayo Clinic, Rochester

At the outset, let us assume that the protrusion of an intervertebral disc is a generally

accepted anatomical, clinical, and pathological entity. It is true, however, that some men
of excellent reputation wish to have little to do with such a condition, if, in fact, they even

acknowledge the existence of such a lesion. The literature to date and the acceptance of

protruded discs as a frequent cause of intractable low-back pain and sciatic pain by out-

standing orthopaedic surgeons, neurologists, roentgenologists, and neurosurgeons would

seem to establish definitely the validity of the lesion, as w'ould also the thousands of pa-

tients who have been relieved of intense suffering after removal of the offending cartilage.

DIAGNOSIS OF PROTRUDED INTERVERTEBRAL DISC

The most important part in the successful handling of protruded intervertebral discs

is their accurate diagnosis. As with most pathological lesions, experience is the best

teacher; but the accumulated recorded experiences of those who have helped establish the

disc syndrome should serve to lead anyone interested in the problem in the right direction

and to minimize the percentage of false diagnoses^'-'''''®-”'®-^^-^--^''’’^'^'^®-^'’.

History

A careful history of the patient’s disability is oftentimes sufficient to w'arrant a pre-

sumptive diagnosis. The onset of trouble most often dates back to an injury to the lower

part of the back. The injury may have been considered trivial, and often the patient may

not have bothered to report it to his foreman or insurance coinpanyL Even if he is in-

capacitated, the period of incapacity frequently is short. I-Iowever, subsequently, with or

without further undue stress or strain to the back, recurrent attacks of more or less

disabling backache occur, folloived by extension of pain to the gluteal region and down-

ward along the course of the sciatic nerve. The pain is typically of the nerve-root type.

Rest in bed wdll often relieve it, but about a fourth of the patients have pain at night which

awmkens them from sleep and causes them to sit up or to walk the floor, to obtain any relief.

If the fragmented protruding disc remains in the mid-line and does not involve the

nerve roots going to the lowmr extremities, there may be no sciatic pain or scoliosis. If th®

fragment of disc is small and shifts from side to side under the firm mid-portion of the

posterior longitudinal ligament, then there may be alternating scoliosis wdthout sciatic

pain. If the mid-line protrusion of cartilage is large, there usually is backache plus alter-

nating scoliosis and sciatic pain. This syndrome we have come to recognize. When the

patient is disrobed, with the examiner sitting or standing behind him, the spinal column

goes through a corkscrew type of motion, if the patient is asked to bend forward from his

hips wdth his knees straight.

Even the more frequently encountered lateral disc protrusions wdth low^-back pam

and unilateral sciatic pain produce recurring backache for a long time before the onset o

true sciatic pain. The author believes that this is due to stretching of the posterior longi

tudinal ligament wdthout compression of the roots of the sciatic nerve. When the hag

mented cartilage breaks through the posterior longitudinal ligament and actually conics

into contact wdth the nejw^e root, the production of pain is the same as occurs in the pim^

ence of neoplastic compression. Without actual rupture of the posterior longitudina

ment, the protruded intervertebral disc can compress and irritate the nerve root s <

* Read at the Annual Meeting of The American Orthopaedic Association, Hot Springs, t iio

June 27, 1946.
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mcnt aiipcavs to be indicated are those who have recurring episodes of low-back and sciatic

pain of such frequency and intensity as to reduce definitely the patient’s normal capacity

for physical activity.

As we all know, there arc innumerable methods of conservative treatment for low-back

and sciatic pain, whether due to ruptured disc or some other cause. We suffer from an

embarrassment of riches and it is difficult, on rational grounds, to select the proper method

of treatment. Any of the methods will give excellent results in certain cases, and will fail

in others. During the acute attack of sciatic pain, complete bed rest, with the spine in the

position of greatest comfort, is indicated. It has been the writer’s experience that these

patients arc most comfortable if the lumbar spine, hips, and knees are in the slightly flexed

position. This position can easily be obtained by raising the head and the knee rest of the

bed. The mattress should be firm. Adhesive strapping or a plaster jacket, applied with

the lumbar spine slightly flexed, aids in immobilization. Adequate sedation, including

morphine, in the acute phase is necessary to break the vicious cycle of pain and muscle

spasm. After the acute attack has subsided, protection of the lumbar spine with a well-

fitted corset or brace and retraining of the patient’s muscles to ensure good posture may
be indicated. Certain patients, by avoiding activities which produce severe strain on the

lumbar spine, are able to prevent recurring episodes of low-back and sciatic pain. In other

instances, the most trivial type of activity will precipitate a recurrence. Although manipu-

lative procedures at times result in dramatic improvement in the acute symptoms, it seems

illogical to expect aity manipulative procedure to return a ruptured disc permanently to

its normal position, and manipulation under anaesthesia appears to carry too great a risk

to warrant recommending it. There is, however, a middle course between radical and

ultraconservative attitudes, which we should seek to follow. In most cases, a trial of

conservative treatment is indicated. If it fails within a reasonable period, say six weeks, to

produce definite improvement in the patient’s symptoms, operative treatment may be

recommended with a clear conscience.

Now let us consider for a few minutes the important question of whether or not the

operative treatment of ruptured intervertebral discs should include fusion of the spine.

All of us will agree that any spinal segment from which a ruptured intervertebral disc has

been removed surgically is no longer mechanically and anatomically normal. Narrowing
of the disc space, with subluxation of articular facets and impingement of the facets on the

pedicles, occurs in some cases and may be the forerunner of traumatic hypertrophic changes

and local spur formation. The intervertebral foramina may be narrowed. In any operation

for the remoAml of the disc, the dense ligamentum flavum must be removed. This ligament

is an important structure, which helps to prevent hyperflexion of the spine. In certain in-

stances, the surgeon must, in exposing the lesion, remove some or all of an articular facet,

which may result in weakening or traumatizing the facet. These theoretical and practical

considerations lead us to expect, a 'prion, that, in a certain proportion of disc cases, back-
ache or weakness of the back will develop or continue after operative removal of the disc.

On theoretical grounds alone, it would seem that a local fusion of the vertebrae adjacent to

the ruptured disc is indicated. However, certain neurosurgeons have stoutly maintained

that results in operative cases without fusion are excellent, and that fusion is rarely, if

ever, indicated. It seems probable that these men have been so impressed by the obvious
relief of the patient’s acute sciatic pain that they have failed to look carefulty for late

evidence of a mechanically unsound back. There is no doubt that laminectomy without
fusion gives excellent late end results, both as regards back symptoms and leg symptoms,
in some of the cases. An analysis of our cases reported before The American Orthopaedic
Association in 1940^ shows that, of the patients with proved disc lesions who had had
laminectomy with spine fusion, there was complete relief of sciatic pain in 91 per cent, and
of back symptoms in 73 per cent. Of those patients who had had laminectomy without
fusion, there was complete relief from sciatic pain in 69 per cent, and from back symptoms
in 52 per cent. It was stated at that time that the series (94 cases) was too small to be
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and she had hypalgesia in the first sacral dermatome. If a myelogram had not revealed the

two tumors, she would have been operated upon for protrusion of the lumbosacral disc^®.

It has been contended by some that protruded intervertebral discs not only can be

diagnosed by neurological methods, but that they can be accurately localized by deter-

mination of the dermatome involved/ The author believes that many protruded discs

cannot be localized by neurological methods. The following case is representative of many
in which the neurological observations were misleading.

The patient, a white man of forty-one, was referred to the Clinic for relief of recurring low-back

pain and right sciatic pain which had had its onset twenty-three years before. The patient had typical

"first-sacral analgesia”, which ordinarily would indicate a protrusion of the lumbosacral interspace. How-
ever, at operation, the lumbosacral disc was found to be normal and there was a t3'^pical protrusion of the

fourth lumbar disc. The protrusion of the fourth lumbar disc was removed, and the patient was relieved

of his pain. After operation, the analgesia in the area of distribution of the first sacral segment dis-

appeared.

That a protruded intervertebral disc in the lower part of the lumbar region can com-

press the cauda equina sufficiently to produce ascending oedema of the cauda equina, with

a dermatome level much higher than the actual site of the lesion, has been seen on many

occasions. The following case illustrates this point.

A white man of thirtj'-five j'ears was referred to the Ma.vo Clinic because of low-back pain and left

sciatic pain. This man had sustained multiple injuries to his back, the first injurj'- occurring twenty-two

jmars before. Four years prior to his coming to the Clinic, a diagnosis of protruded disc had been made,

but this had been denied by another physician, who had carried out a fasciotomy.

On neurological examination, the reflex of the left Achilles tendon was absent, the patellar reflex was

decreased, and Kernig’s sign and Lasegue’s sign were elicited on the left. There was marked weakness on

extension of the toes on the left, paraesthesia and decreased sensation of pain in the second-lumbar

dermatome, and Iwperaesthesia in the outer aspect of the calf and dorsum of the foot. There was also

some atrophy of the muscles of the calf.

On the basis of the neurological examination, multiple protrusions of intervertebral discs were

suspected. A roentgenogram of the spine showed a deformit}^ in the air shadow opposite the fourth and

fifth lumbar interspaces, consistent with a protnided intervertebral disc. The total protein in the

cerebrospinal fluid was twenty milligrams per 100 cubic centimeters.

At operation the third, fourth, and fifth lumbar discs were explored. There was a classic protrusion

of the lumbosacral disc on the left side. No lesion was present at the third and fourth interspaces.

Postoperatia^e examination shoaved that all of the patient’s numbness had disappeared, except for slight

paraesthesia around the left heel.

One of the first patients with a protruded disc seen by the author was a wmman who

had a large protrusion of the fourth lumbar disc, with paralysis of both lower extremities,

bowels, and bladder, and a sensory level at the fifth-lumbar dermatome. Neurologically,

it could not be determined with certainty whether the lesion was a neoplasm wuthin the

conus medullaris or an extramedullary lesion, compressing the cauda equina at a lower

level. After removal of the protruded disc, the patient made a complete recovery.

Roentgenographic Examination

All patients who have intractable low^-back pain and sciatic pain and all patients with

evidence of nerve-root involvement should have roentgenograms of the appropriate portion

of the spinal column before surgical intervention is undertaken, no matter how obvious

the diagnosis seems to be.
, ^

A diagnosis of protruded intervertebral disc should not be made on the basis o

roentgenogram alone; but many other conditions which might produce a similar symp o®

complex may be excluded, or their presence may first be detected, by means of roen

genograms.

Examination of Cerebrospinal Fluid
^

All patients who are having enough trouble to warrant surgical operations

backs should undergo lumbar puncture and should have the cerebrospinal fluid ex
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4. Do you have any pain in the leg? Any numbness? Any weakness?

Without Fusion AVith Fusion

No oj Pci No. of Per
Cases Cent. Cases Cent.

Leg Pam

Yes 54 41 26 25

No 77 58 74 73

Not sufficient data 1 1 2 2

132 100 102 100

Leg Numbness

Yes 61 46 39 38

No 66 50 59 58

Not sufficient data 5 4 4 4

132 100 102 100

Leg AVeakness

Yes 41 31 13 13

No 80 61 62 61

Not sufficient data 11 8 27 26

132 100 102 100

5. How soon after operation did j'our leg pam disappear?

The answer to this question varied, as might be expected, from “immediately” to “it has nevei com-

pletely disappeared”. There was no appaient difference between the cases with fusion and those without

fusion.

6. Are you able to do a full day’s work?
Without Fusion With Fusion

No. of

Cases
Per
Cent.

No of

Cases
Per
Cent,

Yes 83 63 64 63

No 31 23 16 16

Not sufficient data 18 14 22 21

132 100 102 100

Have you been forced to change your work or give up athletics’

Without Fusion AVith Fusion

No of
Cases

Per
Cent.

No of
Cases

Per
Cent.

Yes 39 29 24 24

No 79 60 49 48

Not sufficient data 14 11 29 28

132 100 102 100

The answeis to questions 8 and 9 were not tabulated statistically.

A future detailed study of the causes of poor results and outright failures is planned.

The results of the questionnaire as tabulated seem to indicate a modest but definite su-

periority of the results in fused cases over the unfused ones, when consideration is given to

the factors of back pain and weakness, leg pain and weakness, and return to the type of

work performed before the disability.

One patient, who had had a spine fusion, died of massive pulmonary embolism twenty-

seven days after operation. There were no other deaths attributable to the operation in

this series of 380 cases.

Considerable pessimism has been expressed concerning the results of operation for

ruptured intervertebral disc in industrial accident or compensation cases”. End results

were available in twenty-four such cases in this series. Fifty per cent, of these patients

had absolute^ no complaints, and 71 per cent, were back at full work. It is difficult to

ascertain all the factors which may be involved in the poor results reported from w’
sources. Some of them are; prolonged improper treatment or prolonged neglect, i

in irreversible mental and pltysical deterioration; poor operative technique witli
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genographic observations alone. If there is a question as to the diagnosis of an intraspinal

lesion, it is preferable to rely upon the history and physical examination rather than upon
the roentgenographic findings.

Certainly, the value of roentgenogi'aphy is not to be minimized, and frequently em-
phasis is placed on its negative value. That is, in a given case of low-back pain and sciatic

pain with objective root characteristics, a negative roentgenogram of the spine is of great

value, for it will exclude a neoplasm or other lesion situated above the fourth lumbar
interspace. Operation may then be justified through a short incision, limited to the fourth

and fifth lumbar interspaces, with a certainty of almost 100 per cent, that a protruded

intervertebral disc will be found to be the cause of the disability. Without such visual aid,

interpreted in the light of the history, physical and neurological examinations, and ex-

amination of the cerebrospinal fluid, error is likely to be great^®.

Rarely, tuberculosis at the lumbosacral space will give the classical picture—clini-

cally, roentgenographically, and at the operating table—of a protruded intervertebral disc.

If the dura mater is kept intact and the abscess is opened, no great harm is done; but if

the meninges have been opened, tuberculous meningitis is likely to ensue.

THERAPY

Surgical Operation

All patients who have low-back pain and sciatic pain do not require operation. The

patient, however, who is having sufficient pain and disability to interfere with his work,

his hobbies, or his recreational activities deserves serious consideration. If, in spite of a

well-planned and well-executed course of conservative therapy, the condition of the patient

becomes worse, if he is unable to carry on his usual activities, or if muscle atrophy or

eurological signs develop, then further investigation, with the idea of some surgical

Di’ocedure in mind, is in order.

Operation of Choice

The operation which disturbs the body least and restores the structures most nearly

to their normal condition is the operation of choice. In the vast majority of cases, the

removal of a protruded intervertebral disc is a relatively simple surgical procedure, but

sometimes it becomes an operation of considerable magnitude.

Adequate exposure is essential, but it is not irecessary to sacrifice facets and to do

extensWe laminectomy, in the vast majority of cases. Patients who have unilateral sciatic

pain, due to a protrusion at the fourth or fifth lumbar interspace, usually require unilateral

reflection of the erector spinae at the level of protrusion. When the ligamentum flavum is

resected, there usualty is sufficient room in which to remove the protruded intervertebral

disc wdthout the sacrifice of any bone®. The immlved nerve root is retracted between the

laminae, and the fragmented disc tissue is removed. In protrusions at higher levels, or

when there is marked narrowing of the interlaminal space, the margins of the laminae

must be removed. In cases of bilateral sciatic involvement and those of backache onJj’—

usually due to mid-line protrusions—it is often necessary to shear off a portion of the

adjacent spinous processes and of the laminae, and to remove the ligamentum fla^mm

bilaterally, as well as the interspinous ligament, in order to obtain adequate exposure and

to avoid trauma to the cauda equina wdfile the protruded fibrocartilage is being removed.

At the Mayo Clinic the entire disc is not removed.

Fusion
_

.
. .

At the Mayo Clinic, wdien a “combined operation” is performed in conjunction vi

^

an orthopaedic surgeon, a tibial graft is employed, which is placed posteriorly, m con ac

with the laminae and spinous’ processes of the adjacent vertebrae. Regardless of wire

the protruded intervertebral disc is at the fourth or fifth lumbar interspace, the
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j\Iy personal experience at tlic United States Naval Hospital at Bethcscla, Maryland,

where I was stationed for sixteen months, may be of interest. Before my arrival, surgeons

of the Neurosurgical Department had been operating upon ruptured discs, without doing

spine fusions, with reasonably satisfactory results; but they were not entirely satisfied

with their results and they, therefore, requested tiic Orthopaedic Service to cooperate with

them in doing a series of cases by the combined operation, the neurosurgeons continuing

to make the exposure and to remove the ruptured disc, the orthopaedic surgeons fusing the

spine and caring for the patient postoperatively. All of the patients with ruptured discs

at Bethesda during the period from August 1944 to December 1945 had this combined

operation. The fusion was done according to Bosworth’s technique, which will be described

later. The graft was removed in some instances from the tibia
;
in others, from the ilium.

The immediate convalescence in practically all cases was smooth and compared favorably

with the cases done without spine fusion. Almost all of the officers were returned to full

duty. As full duty for an enlisted man necessitated stooping, twisting, and lifting of heavy

weights, it was deemed inadvisable in most instances to return the enlisted men to full

duty. There was general agreement among the medical officers on the Neurosurgical and

Orthopaedic Services that fusion by this technique did not unduly prolong convalescence,

and that the early end results in the cases in which fusion was done compared favorably

with a previous series of cases without fusion, cared for by the same surgeons.

Several patients who had been operated upon elsewhere were seen
;
they had had rup-

tured intervertebral discs removed and, at the time of operation, one of the articular facets

had been sacrificed either wholly or in part. These patients had obtained relief from sciatic

pain, but were totally disabled because of weakness and pain in the back. Spine fusion

gave definite relief from their symptoms. In my opinion, any patient in whom a facetec-

tomy has been done, either partial or complete, should have a spine fusion done at the

same time. Unilateral facetectomy without fusion often produces severe, disabling

symptoms.

The present status of the controversy over fusion may be summarized as follows:

There are valid theoretical considerations which indicate that any patient who has

had a ruptured intervertebral disc removed cannot have a mechanically and anatomically

normal spine at that level. End-result studies indicate that at least 50 per cent, of patients

who have had a ruptured disc removed without spine fusion suffer to some degree from
weakness or pain in the back. In some of these cases, the disability is severe and may, in

fact, be completely incapacitating. Assuming that a technique of fusion can be developed

which will not cause undue increase in operative risk or prolonged postoperative con-

valescence, it appears logical that fusion should be done in practically all cases.

Many types of arthrodesis are available, and any method will result in a reasonably

high proportion of satisfactory fusion. A number of methods have been used in the cases

reported from the Massachusetts General Hospital. Among the methods which have been
tried are: (1) the Hibbs, (2) the Hibbs with the addition of an osteoperiosteal graft from
the tibia, (3) a massive tibial graft, fixed to spinous processes by wiring, (4) an interbody
fusion, and (5) the “clothespin” technique, as originally described by Gibson and subse-

quentty modified by Bosworth. Fusion of the two adjacent vertebral bodies would appear,
on theoretical grounds, to be the most satisfactory type of fusion. Technically it is diffi-

cult, however; and, after attempting it in a few cases, the author has abandoned it as

being too dangerous. The double notched graft, described by Bosworth, which is placed
between the spinous processes with the spine in flexion and which locks with the spine in

extension, is now used. Although the bone for this graft can be removed from either the
tibia or the ilium, the iliac graft recommended by Bosworth is superior; and, unless there
is some contra-indication in an individual case, it is used routinely.

The technique of the combined operation need not be described in detail here, but a
few points warrant consideration. As the patient is operated upon while lying face down-
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removal of a protruded intervertebral disc should also undergo a fusion operation at the

same time. Some surgeons feel that the combined operation would give added stability to

the back; others undoubtedly feel that recurrent protrusions would thereby be avoided.
In 1942, Ghormley, Love, and Young stated: “As far as we know, protruded intervertebral

disks have not recurred after fusion . . .” Since that paper was published, experience has

proved that the placing of a bone graft for fusion purposes does not, in all cases, prevent
recurrence beneath the graft. Two such patients have been seen recently; one was operated

upon in the Mayo Clinic and the other was operated upon elsewhere. Recurrent symptoms
from a protruded intervertebral disc have been seen at the third lumbar interspace (an

infrequent site of protrusion) after fusion of the fourth and fifth lumbar vertebrae to the

sacrum, combined with removal of the more typical protrusion in the low lumbar area.

One wonders whether or not fusion of the lumbosacral region caused more stress to be

applied at the interspace just above the upper end of the graft, with resultant protrusion.

Ppotpuded IntepV0Ptei>pal Disk

Fig. 1

The percentage rate of recurrence of protruded intervertebral discs, up to five j'ears after

operation, among males and females and for the total series of patients.

When there are definite indications for bone-grafting, and no definite contra-indica-

tions (secondary operation in the presence of infection, for instance) this operation should

be done; but routine bone-grafting is not justified in the light of the author’s experience

up to the present.

FOLLOW-UP STUDY OF 1,217 PATIENTS OPERATED UPON FOR PROTRUDED

INTERVERTEBRAL DISCS IN 1939, 1940, AND 1941

The foregoing portion of this paper is based largely on the author’s experience and

opinion, with which the other members of the Neurosurgical Section may or may not agiee-

The analytical report that follows is based on a study of the records of 1,217 patients,

operated upon because of protruded intervertebral discs by all the surgeons in the Section

on Neurological Surgery of the Mayo Clinic during 1939, 1940, and 1941. Those

who underwent a “combined operation” were operated upon by a neurosurgeon and on^

of the members of the Section on Orthopaedics. The statistics, based on the study o

composite group of cases, were compiled by the Division of Biometry and Me ica

the journal of 60NE AND JOINT SURGEBV
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ivithin four weeks of the time of operation. The back brace is worn from four to six months

after operation. The patient is allowed to resume all activity, including strenuous athletics,

six months after operation.

SUMMARY AND CONCLUSIONS

Within the past fifteen years the medical profession has recognized the existence of a

syndrome characterized by low-back and sciatic pain, due to protrusion of a ruptured

intervertebral disc with pressure on one or more roots of the lumbosacral plexus. The

clinical diagnosis in the typical case presents no particular problem. The localization of

the lesion by contrast myelography and the technique of its removal by partial laminec-

tomy have become standard procedures. It appears probable that the trend is toward

fusion of the spine, at the time of laminectomy, in an increasing number of these cases.

The thesis that every patient should have a spine fusion done at the time of laminectomy

is tenable. As operative technique improves, the difficulties of the combined operation tend

to disappear, and it seems probable that the combined operation will, in the near future,

be the operation of choice for the majority of patients.

There is every reason to maintain a conservative attitude toward the operative re-

moval of ruptured intervertebral discs. An operation of this magnitude is not without

some risk, and it is not invariably successful. The conscientious surgeon and the average

patient will be much happier to have tried conservative treatment for a period of time

before resorting to operative interference. The principles of rest and immobilization,

adequate sedation during the acute phase of the process, followed by protection of the low

back from undue strain, and postural rehabilitation appear to be the essential parts of a

conservative regimen.

Note All of the membeis of the Oithopaedic and Neurological Ser\ices of the Massachusetts
Geneial Hospital have cooperated in this end-iesult study. W J Mi\ter, M D

,
Chailes S Kubik, M D

,

and Carroll Larson, M D
,
have given valuable assistance to the authoi
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In the group of cases studied, forty-seven patients had recurrent'"' protruded discs-

forty-five of these patients had undergone the original operation at the Mayo Clinic and

two had been operated upon elsewhere. Accumulative recurrence rates, percentages, and

analyses according to sex and age are shown in Tables II and III and in Figure 1. Of the

forty-seven patients who had recurrent protruded discs, twenty-four, or 51 per cent., also

underwent the fusion procedure at the second operation, when the protruded disc was

removed.

Sixteen of these patients subsequently were operated upon elsewdiere. Seven under-

went the fusion operation
;
of these seven, one stated that he w^as “no better”, one was

receiving shock treatments for a nervous disturbance, and a third was “still lame”. Six of

the sixteen patients -^'ho subsequently were operated upon elsewdiere had one or more

protruded discs removed, after having undergone removal of a protruded intervertebral

disc at the Mayo Clinic. One patient said that “adhesions” had been found at his sub

sequent operation, and that he was still having pain. One patient was operated upon whil

in another countr}'-, because of pain for which no cause \vas found and for wdiich no relic

was obtained. One patient w'as “reoperated” upon, but the observations were not reported

The reports for these sixteen cases are not veiy enlightening. Thej'- serve onty to indicate

that the discomfort was not relieved and that the patients were willing to undergo addi

tional surgical procedures with the hope of obtaining relief.

The results obtained are not so good as we should like. That is, we should like to b(

able to I’eport a higher percentage of complete relief five years after removal of a protrudec

intervertebral disc. We do, however, consider the results satisfactory. With greatei

knowledge today, we can more satisfactorily select those patients who require surgica,

ntervention and can apply the type of surgical treatment that is best suited to the par-

Icular condition. Therefore, better results are anticipated in the future. There -will always

De some patients, however, who fail to obtain complete relief from the measures undei

mnsideration. Backache is one of the commonest complaints of man, and since it is at

lines very difficult for the physician to determine cause and effect, how much more difficult

t must be for the layman to determine whether his backache is caused by a protruded

ntervertebral disc, or by fatigue or other factors.
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result of compression by fragments of the disc, the nerve root becomes oeclematous and

enlarged, and ultimately adheres to the posterior longitudinal ligament and the protruded

disc. The extradural vessels become engorged and contribute further to compression and

irritation of the root. Removal of a protruded intervertebral disc with relief of low-hack

pain and sciatic pain has been performed on more than one patient who previously had

been operated upon elsewhere, after a diagnosis of angioma of the root or spinal cord,

because of this extradural congestion. True angioma of the spinal cord is very rare, yet

extradural congestion and enlargement of vessels associated with protruded intervertebral

discs are common.

After the stage of nerve-root compression and irritation, the ligamentum flavuin be-

comes thickened and fibrotic'', probably as a result of altered body mechanics (that is,

scoliosis, loss of normal lumbar lordosis, and the like) . This thickened ligament, lying as

it does posterior to the nerve root and filling the space between the adjacent laminae, fur-

ther encroaches upon the spinal canal and compresses the enlarged hyperirritable nerve

root.

Physical Examination

The physical examination is second only to the history in helping to arrive at a

diagnosis. The patient sliould be examined while disrobed, in a well-lighted room, and his

gait should be observed very carefully. Any patient who haa a protruded intervertebral

disc and is not paralyzed—no matter how great the pain—should be able to stand beside

his bed so that his posture can be observed. The patient usually guards his spinal motions,

and frequently walks with a limp and with a list of the trunk, cither away from or toward

the painful side. The back usually is flattened, with loss of normal lumbar lordosis, and

the erector spinae muscles are in spasm. All motions of the lower part of the back may be

limited; lateral bending in the direction of the list is usually greater than toward the

opposite side; and hyperextension is painful. This latter motion, if forced, may even cause

the patient to collapse. Usually there is local tenderness in the region of the spinous proc-

esses of the fourth and fifth lumbar vertebrae. The result of the straight-leg-raising te.st

is almost always positive on the side on which pain occurs and, when the opposite extrem-

ity is elevated in cases of unilateral sciatic pain, the extent of motion is at times limited,

with reference of pain to the involved opposite member. Kernig’s sign is usually elicited.

In the vast majority of cases, a diagnosis of protruded intervertebral disc can be made
or ruled out by this time, but a neurological examination also should be made.

Neurological Examination

The neurological observations^', in cases of lumbar protruded intervertebral disc not

complicated by paraplegia, usually are minimum; they consist, in the main, of diminution

or absence of the Achilles reflex, with or without slight sensory changes in the skin of the

outer side of the leg and the outer and upper surfaces of the foot. Loss of motor power is

infrequent, although some degree of atrophy of the calf muscles is not uncommon. Occa-
sionally, complete foot-drop is seen, resulting from a lesion involving one nerve root. There
is so much variation in the formation of the lumbosacral plexus and the lower part of the

back that space-taking lesions cannot be localized consistently in this region b}^ the

neurological method. Frequently, the Achilles reflex is absent when protrusion of the

fourth lumbar disc has occurred, and often it is present when protrusion of the fifth disc

has been sustained. Protruded discs are often seen in patients who have four or six lumbar
vertebrae and consequent^ only four lumbar discs or, in the latter case, an extra lumbar
disc. Similarly, intraspinal neoplasms sometimes give the same neurological picture as
protruded intervertebral discs. In one case, that of a woman who had suffered low-back
pain and left sciatic pain intermittently for six years, two neurofibromata were removed
from one nerve root opposite the second lumbar vertebra. The left ankle jerk wa''
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TABLE I

Lesions of Cartilage Plate in Control Specijiens

Decade
Nuclear

Extension
Schmorl’s
Nodes Vascularization

Second 0 0 0
THrd 0 0 0
Fourth 4 2 2
Fifth 3 1 0
Sixth 5 1 0
Seventh 4 2 2

METHOD AND MATERIAL

For the purposes of the present study 182 discs, removed from 166 patients, were

examined. All material was fixed in 10 per cent, formalin; sections were cut from paralHn

blocks and stained with hematoxylin and eosin, and with Capri blue. Capri blue is a

metachromic dye which stains collagen and connective-tissue mucin an intense blue, and

brings out fibrillar structure in considerable detail. For purposes of control, forty discs,

' removed completely wfith their adjacent vertebral bodies, were obtained from the fifth

lumbal', first-sacral level of cases upon which autopsies had been done. These specimens

were removed from individuals of various ages with apparently normal backs. Tliey were

also fixed in formalin before sections were taken in the mid-sagittal plane. E.vaininations

were then made of the gross specimen and of microscopic sections, by the staining tech-

niques just mentioned. Follow-up studies of the surgical cases were conducted by mail,

with a questionnaire designed to obtain the desired information as completely as possible,

n many cases a letter accompanied the returned form.

CONTROL STUDIES

The intervertebral disc is composed of three essential interrelated components,—the

nrtilage plate, the annulus fibrosus, and the nucleus pulposus. Pathological changes in

me will inevitabl}’’ be reflected by changes in the others'*. Since they are histologically

distinct structures, they will be considered separately.

Cartilage Plate

This refers to the thin layer of hyaline cartilage, similar to articular cartilage, which

borders the end plate of cancellous bone of the vertebral bod5^ Centrally it is prominent,

but marginally, with the exception of the posterior surface, it fades out into the annulus

fibrosus, -n-here the latter structure is attached to the elevated epiphyseal ring. Posteriorly

the ring is deficient, and the cartilage plate reaches the posterior margin of the vertebral

body. The cartilage plate is adherent to the spicules of cancellous bone through a thin

layer of calcified cartilage. Between the spicules, the cartilage plate is in contact with the

marrow, through -ndiich it receives nutrient material. Before the third decade, vascular

channels are seen in the cartilage plate-’®’'-*'**, extending from the marrow spaces. Aft^r

this they disappear, leaving minute scars. These areas have been considered by some-’

to be points of, weakness, through 'ii’hich nuclear material may extend to form the defec

so well described by Schmorl. This, how'ever, is an unlikely probability, which is given

little credence by most observers®-®. Aside from these vascular channels, the entire disc

is an avascular structure.
_

,

The cartilage cells are arranged irregularly, but show a general tendency tovai

arrangement in horizontal rows, particularly near the points of attachment of the annu us

fibrosus. "
i nriciu

The functions of the cartilage plate are twmfold; First, it serves as a point oi b

^

for the inner fibers of the annulus fibrosus; and, second, it acts as a barrier, along wi

thin layer of annulus fibers, between the nucleus pulposus and the spongiosa.
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Protruded discs rarely produce subarachnoid block, so that, if a block is found, other

lesions, particularly neoplasms, immediately come into the differential diagnosis. In about

two thirds of the cases of protruded intervertebral discs, the protein content will be forty

milligrams or more per 100 cubic centimeters. A value for protein in the cerebrospinal fluid

of more than 100 milligrams per 100 cubic centimeters usually means that a neoplasm,

rather than a protruded intervertebral disc, is present^®. In the presence of an unusually

large protrusion, complete subarachnoid block, with a high protein content in the cerebro-

spinal fluid, may be found. In such cases the patient is paralyzed, and usually the paralysis

was of sudden onset.

Use of Contrast Media in the Subarachnoid Space

If errors in diagnosis are to be kept to a minimum and the operative procedure best

suited to the individual case is to be employed (both of which are necessary for the best

end results)
,
the lumbar portion of the spinal canal should be visualized prior to the opera-

tive removal of a protruded intervertebral disc. The oldest and most satisfactory method

is to introduce radiopaque oil (lipiodol) into the subarachnoid space. This method is the

most nearly accurate ;
in experienced hands, few protruded intervertebral discs should be

missed and false positives should be infrequent. The introduction of air or oxygen into

the subarachnoid space (a method which the author uses almost exclusively) is by no

means so accurate as the use of lipiodol in delineating intraspinal space-taking lesions, but

the roentgenogram, when interpreted in the light of the history and other observations,

serves admirably in the diagnosis of protruded intervertebral discs.

The value of pantopaque myelography lies somewhere between that of lipiodol and

ah'. The author's limited experience with pantopaque suggests that the percentage of error

is much gi-eater in the negatives and false positives than it is when lipiodol is employed.

Both lipiodol and pantopaque, if used intraspinally, should be removed later. Pantopaque

lends itself much better to aspiration than does lipiodol. Air and oxygen are absorbed and

leave no opaque substance which may be seen in subsequent roentgenograms^®.

INTRASPINAL LESIONS, OTHER THAN PROTRUDED DISCS, CAUSING SCIATIC PAIN

A protruded intervertebral disc is the commonest intraspinal lesion that produces

sciatic pain. Hypertrophic arthritis, spondylolisthesis, spondylolysis, old fractures and

dislocations, tumors of the spinal cord and nerve roots, metastatic bone lesions, tuberculosis

of the spinal column, and thickening and fibrosis of the ligamenta flava also produce sciatic

pain; but the frequency with which operative interference is necessary in this miscellaneous

group of conditions is small in comparison to that for protruded intervertebral disc.

In distinguishing the many lesions that may deform the roentgenographic shadow in

myelograms, certain well-known criteria are available. For instance, the intervertebral

discs are anterior to the dural sac, and protrusions of discs usually produce, in the roent-

genograms, an anterior extradural type of defect, opposite the space between the two

vertebral bodies. Since the ligamenta flava are posterior and lateral to the dura mater,

thickening and fibrosis of these structures usually produce a lateral or bilateral type of

constriction of the contrast medium at the interlaminal interspace. Tumors of the spinal

cord are always intradural and those of the nerve roots are chiefly so ;
and defects due to

such lesions are more likely to be opposite the vertebral bodies, even though the shadow
of the lesion may extend to or across the interspace. The deformity in the myelogram,

produced by spondylolisthesis of Grade 2 or more, is oftentimes indistinguishable from
that produced by a protruded intervertebral disc.

The occurrence of a protruded intervertebral disc in association with spondylolisthesis

has, in our experience, been uncommon; and the differential diagnosis prior to surgical

exploration has been extremety difficult to make.
It seems unwise to advise an operation for an intraspinal lesion on the basis of roent-
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TABLE II

Age Distribution in Surgical Cases

Decade Number Per Cent

Second 5 0

Third 25 15
Fourth 62 37
Fifth 45 27
Sixth 25 15
Seventh 4 3

Totals 166 100

After the second decade and occasionally during it, a central Assuring appears within

the nucleus, which progresses to cavitation. This becomes more apparent during fixation

wdth its attendant dehydration. Schmorl believed this to be a rudimentary attempt at the

formation of a joint space, but this does not appear to be a tenable supposition^®. When
examined microscopically, no suggestion of a synovial lining is seen, and the space is found

to be the result of a degenerative change in the nucleus, wdiich has an amorphous, granular,

acellular appearance. This central degeneration increases graduallj'-, some of the nuclei

from the seventh decade being composed entirely of this necrotic-looking material. This

change has been claimed by most authors’ to be the result of progressive desiccation.

Cellular degeneration is also commonly seen, and some evidence of it was found in all

of these specimens. As age increases, a progressive increase in fibrous character occurs,

with decrease in the mucoid stroma. Focal deposits of calcium salts are seen; rarely,

3alcification of the entire nucleus occurs®-®.

In none of the postmortem specimens examined was posterior or anterior protrusion

of the nucleus pulposus found. How'ever, in three of the four cases in w-hich granulation

issue was invading intraspongious protrusions, this granulation tissue e.xtended into the

nucleus pulposus itself.

Two of the six discs in which Schmorl’s nodes w-ere present show-ed marked narrowing,

which undoubtedly ivas the result of loss of considerable nuclear material. This same

narrowing may^ occur in anterior or posterior herniations, if a sufficient portion of the

nucleus is involved.

Diseases producing demineralization of the vertebral bodies, such as osteoporosis

osteomalacia, and metastatic neoplasm, may, if the nucleus retains its elasticity and the

cartilage plate remains intact, result in an expansion of the nucleus w'itli widening of the

disc and production of the so-called “fish vertebrae”’. Tw^o examples of this w-ere found

in the present group. A similar type of change w^as observed by Schmorl and by Beadle in

adolescent spines
;
they considered this to be the result of developmental defects, chiefly m

the cartilage plate, because this structure w-as unable to resist the “turgor” of the nucleus.

This type of expansion was not observed by the authors.

In none of these discs could oedema of significant degree be demonstrated.

STUDIES OF SURGICAL XIATERIAL

Of the 166 patients from wdioni material w-^as obtained at operation, 60 per cent. w'Cie

males and 40 per cent, w-ere females. The youngest patient w-as thirteen years, the oldes

TABLE III

Composite Table of Microscopic Findings in 166 Surgical C-vses (182 Discs)

Pathological
Change

Cartilage Plate
Annulus
Fibrosus

Nucleus Pulposus

Nuclear
Extension

Vascular-

ization
^

Scainng
Gi anulai

Degeneration
Fibroblastic
Pioliferation

Vascular-

ization

Number
Per Cent.

12

66
7

38
1

51

28
I

90

49
1

59
32

49
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pacdic suv&cou usually fuses the last two lumbar vertebrae to the first two sacral segments.

Some orthopaedic surgeons have contended that, even if a protruded intervertebral

disc were present, a fusion operation would relieve low-back pain and sciatic pain. Some

lumbosacral protrusions—possibly even some at the fourth lumbar interspace—undoubt-

edly have been cured by a massive bone graft, applied to support the interspace at which

the protrusion had occurred. This is not inconsistent with our conception of the patho-

logical appearance and jiathogenesis of jn-otruded intervertebral discs, for the protruded

fragment of disc is often very oedematous, and the compressed nerve root usually is

enlarged and oedematous at the time of operation for the removal of a protruded disc^.

Likewise, the extradural vessels about tbe nerve root usually are congested at the time of

operation. If the interspace is sufficiently splinted and the patient remains in the hospital

for a sufficient time after application of the bone graft, the oedema of the protruded

cartilage and the nerve root, and the congestion of the extradural vessels may subside

sufficiently to relieve the nerve root of compression. Patients have required operative

intervention, however, with removal of a protruded disc from beneath the bone giaft

which had previously been applied. The following case is representative.

A pntient vns oi')ertited upon nt the Clinic on January 23, 1942, at which time, because of a

diagnosis of lumbosacral arthritis, she underwent application of a bilateial massive bone giaft, which

e.xtended on each side of the spinous processes from the laminae of the fourth lumbar vertebra down to

and including the upiier two sacral segments.

The patient required another operation on Februaiy 19, 1945, because relief had not been obtained

and because at that time she was experiencing, in addition to low-back pain, bilateral sciatic pain. The

third, fourth, and fifth lumbar discs were explored, and typical protrusion was found at the fourth lumbar

interspace. The protrusion was in the mid-line and was irritating the nerve roots on both sides.

RECURRENCE OF PROTRUDED INTERVERTEBRAL DISCS

At least three months should be set aside for convalescence and reconditioning of the

muscles of the back. After removal of a protruded intervertebral disc, recurrence can take

place; but, fortunately, recurrent protrusions are not common. There is, as far as the

author knows, no absolute way to prevent a recurrence at the same site or the occurrence

of another protrusion at a different interspace. When a patient has recurrent nerve-root

symptoms after removal of a protruded intervertebral disc, usually there is further pro-

trusion of fibrocartilage from the same interspace; rarely, another disc is involved. Sev-

eral surgeons have recommended the removal of the entire disc to avoid recurrence. Even

if this were possible, it would be fraught with grave dangers in the hands of the surgeon

who performs this operation only occasionally.

Some orthopaedic surgeons have expressed the opinion that all patients who undergo

TABLE I

Distribution According to Age and Sex in 1,217 P.atients Operated Upon for Protruded
Intervertebral Disc from 1939 to 1941, Inclusive

Age
( Years)

Total Patients ] Males
1

Females

Number Per Cent. Number Per Cent. Number Per Cent.

10 to 19 25 2.1 20 2.3 5 1.4

20 to 29 198 16.3 137 16.1 61 16 8

30 to 39 430 35.3
i

301 35.2 129
'

35.5

40 to 49 371 30.5 252 29.5 119 32.8

50 to 59 160 13.1 118 13.8 42 11.6

60 to 69 33 2.7 26 3.1 7 1.9

Totals 1.217 100 S54 100 363
j

100

AA’crages 39.4 years
(16 to 68 years)

39.4 years
(16 to 68 year.s)

392 j’ears

(16 to 67 year,^)
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TABLE V
End Results

j

Herniated Bulging Softened
j

Total

No. Per Cent. No. Per Cent. No. Per Cent.

Asj'mptojnatic
1
19 38.7 5 20 5 31.3

1

29 .Q9 9
Moderate relief

Pain in back 17 34.7 12 48 9
-

56.3 38 422
Pain in leg t 3 6.2 0 0 0 0 3 33
Pain in leg and back 4 8.1 3 12 1 6.2 8 88

No relief 6 12.3 5 20 1 6.2 12 133
Compensation cases 1

Relief 7 5 2 14
No relief 1 2 3

Cartilage Plate

Since the amount of hyaline cartilage varied with the vigor and frequency with which

the curette was used, the amount seen in sections w^as a small proportion of the total

cartilage plate. Undoubtedly in many of these discs, lesions in the cartilage plate were

present, although we could not identify them. It is interesting that extensions of nucleus

pulposus into cartilage plate, indeed, small Schmorl’s nodes, can coexist with posterior

or posterolateral herniations of the nucleus. This certainly suggests the possibility that

the presence of granulation tissue in the nucleus pulposus need not be evidence that tearing

of the annulus has occurred posteriorly.

Annulus Fibrosus

With rupture of the outer lamellae of the annulus fibrosus posteriorly, the remaining

fibers frequently stretch over the protruding tissue of the nucleus pulposus. It is to be

expected that scarring might occur, particularly marginally, and this is indeed the case.

The age at which this process occurs is variable, the extremes being young granulation

tissue and typical old avascular, relatively acellular fibrous tissue. Deucher and Love

mention that, in most of their material, a loss of the regular course of the annulus fibers

could be demonstrated. Since attachments of fibers possessing the same tension and

elasticity are torn, this loss is to be anticipated and could be demonstrated in all of our

cases.

In a few'’ cases, focal deposits of calcium wmre found. Hyalinization of collagen fibers

w'as encountered frequently, but no true necrosis was seen.

Nucleus Pulposics

The most striking change noted in the pathological material, as in the postmortem

group, was the stroma degeneration ascribed to desiccation. This peculiar amorphous

granular appearance, with loss of fibrillar structure, was noted in significant amounts m

49 per cent, of the discs studied. Reference to Table IV w'ill show that this by no means

w'as seen only in the older age groups, in which it is anticipated. Material taken from

several patients in the second decade showed surprisingly large areas of this degeneration.

Cellular degeneration was also encountered frequently; whether this change occurs

as a result of impaired nourishment, or whether, as in the control group, it is an aging

phenomenon, cannot be definitely stated. Some cellular degeneration can be found m

almost any disc examined; accordingly, no tabulation of this change has been made.

Focal deposits of calcium wdthin the nucleus were occasionally found, and one case m

this series consisted entirely of a calcified nucleus pulposus. Fibroblastic proliferation^

with or without vascularization, approximated the incidence of scarring in the annu us

^'^^^Oedema, mentioned so prominently in Deucher and Love's work and

per cent, of their cases, was not considered a significant finding in these studies. P
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TABLE 11

Analysis of Accuaiulativk Recurhence Rates, Accohding to Sex, in

Cases of Protrudco Intervertebral Disc

Time Since
First Operation

(Years)

Accumulative Recurrence Rates *

Total Series

(Per Cent.)

Males
(Per Cent.)

Females
(Per Cent.)

1

1 0 0 0

2 0.2 0.2 0.3

3 0.5 0.6 0.3

4 1.9 2.1 1.6

5 5.2 5.8 3.8

* The curves given in Figure 1 were prepared from these percentages.

TABLE III

Analysis of Accumulative Recurrence Rates, According to Age Groups,

in Cases of Protruded Intervertebral Disc

Time Since
First Operation

( Years)

Accumulative Recurrence Rates, E.xpressed

Percentages, According to Age
in

30 to 39
Years

40 to 49
Years

1 0 0 0

2 0 0 0

3 0.3 0 0

4 3.6 1.8 1.2 0.9

5 8.2 5.1 4.4 4.2

tistics of the Mayo Clinic, under the direction of Robert P. Gage. With four or more

neurosurgeons operating, there were, of course, variations in the technique as to myelog-

raphy, operative removal of the protruded disc, and postoperative care of the patient.

Of the 1,217 patients operated upon for protruded intervertebral discs during the

years 1939 to 1941, inclusive, three died in the hospital,—a fatality rate of 0.25 per cent.

Among these patients, 854, or 70 per cent., were males, and 363, or 30 per cent., were

females. The distribution according to age and sex is given in Table I. One hundred and

forty-eight patients had undergone a “combined operation” originally; this group con-

stituted 12.2 per cent, of the total series.

Of the 1,217 patients, 987, or 81 per cent., were traced either by questionnaire or by
interview during a recent visit to the Clinic. Answers to questionnaires are not the best

means of evaluating the results accurately, but they do have value, in the absence of

individual re-examination, for such a large series of patients who were literally scattered

throughout the world (as a result of World War II) at the time of this follow-up study.

The patients were asked : “Have you been relieved of the pain for which your opera-

tion was performed?” Among those who had had a protruded intervertebral disc removed,

but had not undergone the fusion operation, 53.7 per cent, answered “yes”; 36.7 per cent,

said thej'- had obtained partial relief. Thus, the percentage of those benefited is 90.4,

whereas 9.6 per cent, said they had obtained no benefit from the operation.

The patients were asked if they had any pain in their backs or legs. Of those ivho had
undergone simple removal of protruded discs, 38.5 per cent, answered “yes” in relation to

the back, and 34.5 per cent, answered “yes” in relation to the leg.

The patients were asked if they were able to do the same work they had done before
the disc protruded. Of those who had undergone simple removal of a protruded disc, 64.4
per cent, answered “yes”. When the patients were asked: “Do you think the removal of
the protruded disc was worth while?”, 93.0 per cent, answered “yes”.
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PATHOLOGICAL STUDIES OF INTERVERTEBRAL DISCS

BV CHARLES ECKERT, M.D., AND ALFRED DECKER, M.D., ST. LOUIS, MISSOURI

From the Department of Surgery, Washington University School of Medicine, .

and Barnes Hospital, St. Louis

The study of pathological material removed at operation on the intervertebral disc

has revealed certain lapses in our knowledge of this subject. The relation of the gross

appearance of the disc at the time of operation to many obviously pathological microscopic

findings was not clear. Furthermore, there existed considerable doubt as to the prognostic

significance of these pathological findings. AVith the above questions in mind, the present

study was conducted.

The intervertebral disc is a dynamic structure, subject to considerable stress and strain

during ordinary activities, which undergoes definite anatomical changes from the time of

birth until senescence"’®'®'^''^®do.2i. Physiological changes as well as pathological findings

in intervertebral discs have been described bj’’ many observers^'^’’ 11-10.21 since the

pioneer studies of Schmorl at Dresden reawakened modern interest in this subject. How-
ever, microscopic findings in disc tissue removed at operation have been reported only by
Deucher and Love; in their excellent monograph, Bradford and Spurling paj'- but scant
attention to this subject. Therefore it seemed expedient to report our findings' on a series

of specimens which had been removed at operation.

*Read at the Annual Meeting of The American Orthopaedic Association, Hot Springs A'iiginia
June 27, 1946.
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degeneration of the disc is an early and regular phenomenon of senescence is now generally

recognized. The recent studies of Coventry, Ghormley, and Kernohan show that the

nucleus pulposus begins to break up as early as the second decade, and in the third decade

it already shows signs of wear and tear. There is hardly any structure of the body, not

even the tendons, which undergoes senescent changes as early as does the disc.

The greatest amount of degeneration occurs in the fifth and sixth decades, according

to Deucher and Love. These changes consist of defibrillation, hyalinization, fissure of the

fibrocartilage, defects in the cartilage plate, and erosion of the cartilage with formation of

numerous clefts and fissures, which prepare the way for future herniation. The nucleus

pulposus undergoes progressive fibrous replacement until it becomes of almost the same

consistency as the annulus.

In contrast to the findings in osteoporosis, where the disc balloons out, owing to the

lessened resistance of the vertebral body, in the aging spine a thinning of the intervertebral

disc is found
;
and, as a reaction to the loss of disc substance, hypertrophic arthritis ap-

pears with the development of spurs and bridges.

The question arises as to the mechanical effect of this degenerative thinning of the

disc upon the lumbosacral junction. It is obvious that the disc no longer acts as a firm

buffer between the vertebral bodies; the junction has been weakened. Lateral and forward

displacement may occur as a shift of the disc takes place, which causes it to protrude in

all directions. It may spread under the anterior longitudinal ligament for a certain dis-

tance. The protruded material consists chiefly of desiccated nuclear tissue®.

Since the disc has lost its turgor and its elasticity, this affects the equilibrium which

normally obtains between the disc, the longitudinal ligaments of the vertebral column,

and the longitudinal and segmental ligaments of the arches. All these now are relaxed,

whereas before they were under tension, since the vertebral bodies are no longer forced

apart by the disc.

This intrinsic passive equilibrium, w'hich normally makes the spine rigid and resistant

to deformation, is now destroyed. Sometimes the relaxation of the intervertebral junction

can be demonstrated at operation by moving the spinous processes sideways and against

each other. At any rate, a relaxation exists in the structures lying posterior to the disc;

the ligamenta flava, the intertransverse ligaments, and the interspinal ligaments are no

longer kept at tension. It is for this reason that a degenerated disc can and does produce

the inclination to periodic attacks of soft-tissue strain in the lumbosacral junction or

above, without necessarily being herniated.

The destruction of the normal equilibrium between the disc and the ligaments affects

also the intervertebral articulations. The joint bodies are jammed together because the

distending action of the disc is gone. They respond to this by hypertrophic arthritic

changes. The intervertebral foramen becomes encroached upon, and root symptoms niaj

appear in the territory of the fourth or fifth lumbar root.

The most intricate diagnostic problem lies in the evaluation of the herniation itself,-—

the meaning of remissions and of exacerbations in terms of pathological findings. '

posterior protrusion of the disc Avas known to von Luschka in 1858. It ^yas described )

Goldthwait in 1911. Calve and Galland reported it in 1922, and it wms finally rediscover^

by Schmorl in 1929. It is a common occurrence (according to Beadle, in 15 per cent.),

same as are herniations in the axial direction, which have been so well describe J

Schmorl. The question is what constitutes a herniation. It is described as a

elongated, or spindle-shaped formation, ranging in size from one-eighth to one-quar

an inch; and it has a peculiar pathological variation in form, in density, in mass, an

anatomical relationship to the contents of the spinal canal.

Duncan and Hoen distinguish three types of herniation, as found at operation.
-

are the simple herniation, which appears as a round bulge with the consistency «

ball; the already ruptured mass wdiich migi'ates into the extradural space, ana
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With increasing age, certain changes arc apparent in the cartilage plate: It becomes

thinner, cellularity diminishes, and cells in A^arious stages of degeneration are found.

Microscopic extensions of nuclear material occur with increasing frequency, either within

the hyaline cartilage or, through tears, into the spongiosa, with the formation of Schmorl’s

nodes. Healing may occur in these defects, with invasion by fibroblasts and endothelial

buds that originate in the bone marrow. Gross examination may disclose fibrillation or

parallel tears in the cartilage^-^”. Table I shows the incidence of these changes in the forty

discs studied.

Annuhis Fibrosiis

The annulus fibrosus consists of dense fibrous tissue in lamellae, arranged generally in

parallel fibers with connecting bands. From ten to twelve lamellae are present in the

lumbar region^'*, the outer layers being composed of coarser fibers than those close to the

nucleus pulposus. The fibers are attached to the elevated bony epiphyseal ring through

Sharpey’s fibers, which bind together the adjacent vertebral bodies. The inner lamellae

are derived from the cartilage plates. Superiorly and interiorly, a thin layer separates the

cartilage plate from the nucleus. Fibroblasts with elongated compressed nuclei are present

between the collagen fibers
;
cartilage cells are also sparsely disposed,—^usually singly, but

occasionally in clumps. Coventry, Ghormley, and Kernohan point out that increasing

clumps of cartilage cells accompany other degenerative changes.

With increasing age, swelling of the lamellae becomes apparent and hyalinization of

the fibrils occurs. Schmorl, Beadle, and Saunders and Inman emphasize the appearance of

radial and crescentic fissures. Radial fissures occur most frequently in the thoracic region,

and are of particular importance, since they may serve as portals for the extrusion of

material from the nucleus pulposus into the vertebral canal. A peculiar type of pigmentary

deposition may accompany other degenerative changes. The origin of this pigment is

obscure; some authors believe it to be derived from old blood^'->®. Fibrosis with vascular-

ization is seen, probably as the result of trauma with resultant healing. The vessels are

derived from either the longitudinal ligaments or from the adjacent loose areolar tissue.

In our postmortem material, swelling and hyalinization of lamellae was the most fre-

quent change; scarring with fibrosis and vascularization was found in three cases; fissures,

crescentic tears, and pigmentation of the annulus were not observed.

Nucleus Pulposus

The nucleus pulposus is the expanded central portion of the intervertebral disc, sur-

rounded by the annulus fibrosus and merging with it. In regard to the anteroposterior

plane, it is disposed posterior to the mid-line. When examined grossly in the fresh state,

the nucleus is composed of glistening, whitish translucent material of elastic consistency.

When the disc is sectioned sagittally, the nucleus is seen to bulge slightly over the confines

of the annulus. Upon immersion in water it has been shown to swell markedly. The water
content of the nucleus has been determined at various ages, and a progressive decrease

has been found,—from 88 per cent, in the full-term foetus to 69 per cent, at the age of

seventy-seven.

Microscopically, the nucleus is composed of an interlacing fine fibrillar structure with

a clear stroma, resembling connective-tissue mucin. Three types of cells are seen,—fibro-

blasts, cartilage cells, singly and in clumps, and notochordal cells. The latter are described

as usually occupying the central portion of the nucleus, in clumps, being most prominent
in younger discs. These cells were not seen in the cases in this series.

The peripheral portion of the nucleus is increasingly fibrous, the fibers finally blending
with those of the annulus fibrosus. Coventry, Ghormley, and Kernohan describe the
nucleus as being most distinct from the annulus during the second decade; following this,

the line of demarcation becomes decreasingly distinct.
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TABLE I

Results After Conservative Treatment of 100 Cases of Low-Back Pain
IN Which the Procaine Test Was Employed

Greatly Improved Little or No
or Cured Improvement

Positive Test 58 11
Negative Test 6 25

Totals 64 36

process, which shows phases in which the protrusion is still free and movable and capable

of spontaneous reduction; in other phases there is fixation of the protrusion and definite

adhesions to nerve trunks. It is still a question as to whether or not an acute ti’aumatic

herniation does exist,—^that is, one where the sciatic radiation occurs immediately after

the trauma and is not preceded by low-back pain.

DIAGNOSTIC IMPLICATIONS

These pathological observations have certain diagnostic implications. First of all, one

must prove that a disc lesion exists and, if it does, that it is responsible for the radiation;

and next, that it produces other objective, so-called neurological, signs.

For this purpose the students of intervertebral discs have set up a useful diagnostic

scheme. It consists of a history which indicates the cause, duration, and continuity of the

radiation; a neurological examination, which reveals the so-called neurological signs, in-

cluding paraesthesiae, numbness, areflexia, and shrinkage; and the so-called orthopaedic

signs, which disclose such things as changes in posture, rigidity, and restriction of motion.

All of these signs have been tabulated by many authors, according to their relative

frequency. Some are very significant, such as areflexia, while others are less so. The

question arises of how much is necessary to make the diagnosis reasonably certain.

In former years, Hyndman, Steindler, and Wolkin agreed not to make a diagnosis of

a protruding disc, producing 'sciatica, unless neurological signs were present. Conse-

quently, almost all patients who were operated upon had protruding discs, and the diag-

nostic average was well over 90 per cent. Although disc lesions were found where expected,

however, they were not always expected when present, and no doubt many of them were

missed.

On the other hand, Dandy insisted that every case of persistent sciatica meant a disc

lesion. The result was that any patient with persistent sciatica was suspected of having a

disc lesion. It is obvious that under this policy all protruding discs wmre probably found;

but, on the other hand, a great many patients were operated upon wdthout a protruded

disc being found. It is quite clear that unless a certain “middle-of-the-road” policy is

adopted, a satisfactory solution will not be found.

. The diagnosis of a protruded disc should be made if neurological signs are present and

if the history and other complaints substantiate it. In fact, when a proper history and

corresponding physical examination disclose so-called neurological signs, we do not look

for a further test for the diagnosis. Visualization serves as corroboration, and also helps

in the localization of the abnormal disc, rather than in the diagnosis itself.

In order to improve diagnostic accuracy, two further procedures are used in cases m

which the history, or the absence of neurological signs, produces uncertainty.
^

The novocain test eliminates the diagnosis of a protruded disc in those cases in wnic

the sciatic radiation is purely a reflex phenomenon. These patients show no neurologica

signs, ^that is, no areflexia, no paraesthesia, and no anaesthesia. The test is only appi^
^

cable' if a trigger point exists, because the substance of the test is that the trigger pam an

^

the sciatic pain should completely and simultaneously disappear upon the injection

1 per cent, procaine. The test, of course, is based upon the fact that the local lesion, on
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TABLE IV

Micnoscopic Findings in 166 Surgical Cases (182 Discs)

Decade
Cartilage Plate

Annulus
Fibrosus Nucleus Pulposus

Nuclear
Extension

Vascular-
ization

Scarring Granular
Degeneration

Fibroblastic
Proliferation

Vascular-
ization

IIEUNIATED

1

t

1

2 5 4

1

4

3 1 13 13 12 10

1 ' 1 11 8 15 9

Sixth 1 3 7 7 7

Seventh 2
1

Totals 6 2 29 35 38 30

(6.5%) (2.1%) (31.5%) (38.0%) (41.3%) (32.6%)

BULGING

Second
1

2
1

2 2
Third 2 2 2
Fourth 3 1 5 14 3 3
Fifth 1 6 12 5 5

Sixth 1 3 6 3 3
Seventh 1 1

Totals 4 2 15 37 15 15

(6.6%) (3.3%) (25%) (61.6%) (25%) (25%)

SOFTENED

Second 1 2 I 1

Third 1 5
Fourth 1 2 2 4 3 1

Fifth 1 1 2 3 1 1

Sixth 1
1

3 1 1

Seventh 1

Totals 2
'

3 7 18 6 4

(6.6%) (10%) (23.3%) (60%) (20%)
i

(13.3%)

sixty-six. The age distribution by decades is shown in Table II. Ninety-seven per cent, of

the discs remolded were from the fourtli lumbar level (46 per cent.) or the lumbosacral
level (51 per cent.) . The remainder included the third lumbar disc. The fusion operation

was not performed on any of the patients in this group.

For purposes of better correlation between laboratory studies and clinical findings at

the time of operation, all of the cases were taken from the service of the same surgeon
(J. Albert Key, M.D.) . At the time of operation the lesions were described as “herniated”,

“bulging”, or “softened”. The latter group includes the concealed disc described by Dandy.
When the nucleus was herniated, curettage of the remaining disc was not performed rou-
tinely

;
but when it was bulging or softened, curettage was always carried out. The gross

material varied accordingly. When the herniated nucleus was removed in one piece, the
tissue consisted of a central mass of firm, white, fibrocartilaginous tissue with multiple
nodular excrescences at the periphery, and Amried in size from 1 to 5 centimeters in greatest

dimension. This tissue in all of the cases consisted of nucleus pulposus with adherent
lamellae of the annulus fibrosus. When the disc was curetted, the fragments were entirelj’-

nondescript and irregular. In 60 per cent, of the entire group, fragments of hyaline
cartilage plate were identified. Fibers of annulus fibrosus predominated in manj'' of the
curetted specimens.

Alicioscopic abnormalities were found in all three portions of the disc, the changes
being similar to those found in the control group. The major pathological changes are
summarized in Table III.
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where the diagnosis is certain on the grounds of the clinical examination or where the tests

and trial treatments have failed, the operation is indicated. We prefer, first, to be con-

servative in the laminectomy,—that is, to remove as little of the arches as possible. Second,

the laminectomy should be followed by fusion of the spine by one of the recognized meth-

ods, even though it entails a longer period of recumbency. Recently, we have used the

so-called “clothespin” method of Bosworth wnth gratifying results.
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anulysis of Deuclier and Love’s figures, it is seen that oedema was found chiefly in the

younger age groups,—those in which water content is highest. We cannot agree with their

hypothesis that recurring oedema may account in part for the intermittency of pain in

these patients.

Table V shows the major findings in relation to the appearance of the disc at the

time of operation. Of the 182 discs, 92 were described as herniated, 60 were bulging, and

30 were considered to be softened. These gi-oups are not sufficiently large to allow definite

conclusions to be drawn, but it would appear that very little correlation can be established

between the gross and microscopic findings. It was hoped that some marked difference

could be found in the softened or concealed group; but examination of Table IV will show

that consistent changes were not found in this group.

FOLLOW-UP STUDIES

A routine questionnaire, designed to secure information concerning operative results,

residual symptoms, and possible relation to compensation, was submitted to each patient.

The form was made as simple as possible and required, at most, a short answer; many
patients disregarded the form completely, however, and sent a letter in its place. Unfor-

tunately, the response was incomplete.

In interpreting the answers, an effort was made to be as objectively critical as possible.

It maj'' be that a less severe interpretation might be possible in several cases. The results

are summarized in Table V. It was apparent that compensation was of no importance in

this group, for the surgeon preferred not to handle compensation cases. As one would

expect, the best over-all results were obtained in those cases in which definite herniation

of the nucleus pulposus was found.

The entire group shows that 87 per cent, of the patients were entirely or partially

relieved of symptoms. All of these patients were able to return to a fairly normal life; any

patient unable to make a living was considered not improved; This percentage would

appear to be encouraging, and compares favorably with results obtained by other well-

established surgical procedures.

No explanation is offered for the patients having residual pain with sciatic radiation.

This number appears to be rather large, particularly in the “herniated” group.

No correlation could be found between the clinical results and the microscopic find-

ings. In eight of the fourteen unimproved patients, marked pathological changes were
found during microscopic examination of disc tissue. This also was a result to be antici-

pated, if the clinical symptoms are solely the result of pressure on nerve roots.

CONCLUSIONS

1. The examination of forty lumbosacral intervertebral discs removed from cadavera
of different age groups revealed certain changes in the cartilage plate, the annulus fibrosus,

and the nucleus pulposus which must be considered physiological,—either the result of

repeated minute traumatic episodes or of aging.

2. In comparing the findings in the cadavera with those in 182 intervertebral discs

partially removed at operation, it was apparent that the difference was in number rather

than kind. The principal changes encountered consisted of extensions of the tissue of the

nucleus pulposus into the cartilaginous plate; vascularization of this defect; scarring with
vascularization of the annulus fibrosus and nucleus pulposus; and granular degeneration,

considered the result of desiccation, in the nucleus pulposus.

3. At the time of operation the disc was described as herniated, bulging, or softened.

No significant microscopic differences were found in the three groups.

4. Follow-up studies on the surgical cases show good results in 86.7 per cent. The
best results were achieved in those cases in which the disc was described at operation as
herniated. No relation appears to e.\ist between microscopic findings and end results.
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)

The nucleus pulposus is a semifluid substance, Tiutli a water content of over 80 per

cent. It is confined between the cartilaginous plates and the slightty elastic annulus

fibrosus. Because of the high water content in the nucleus pulposus, it is incompressible

and follows Pascal’s law. Forces applied to the nucleus are transmitted throughout the

nuclear material, and the forces e.xerted upon the cartilaginous plates are thus equalized.

It should be emphasized that the pressures exercised, through the yertebral bodies,

onto the nucleus pulposus are resisted by the inherent elasticity of the annulus fibrosus

and other related ligaments of the spine, such as the ligamenta flava. Upon these liga-

mentous stmctures the entire elasticitj’’ and resiliency of the spine depends. The nucleus

pulposus has often been described as an elastic cushion, absorbing shocks to the spine.

Such a conception is entirelj'’ erroneous, since the nucleus consists largefy of water, which

is incompressible and possesses no elasticiiy whatsoever. The elasticity of the spine is

therefore derived, not from the static stnictures such as the nucleus pulposus, but from the

elastic resistance which the ligamentous structures exercise against deformation of the fluid

content of the disc. Therefore, the critical feature in the disturbance of spinal mechanics

and in the production of pain is the effect on the ligamentous structures, caused bj’ the loss

of water or nuclear substance following injury or degeneration.

The nucleus pulposus is confined under considerable pressure-^---. Even in the com-

pletelj' supine position, the total pressure within the disc which tends to separate the

adjacent vertebrae is about thirtj’- pounds in the lumbar area. During motions of the spine,

this pressure may rise to astounding values. The retention of water within the nucleus

and the development of pressures sufficient to withstand the forces applied to them can

only be achieved through osmotic pressure. The substance of the nucleus should be looked

upon as the impermeable solute which draws water through the cartilaginous plates from

the highly vascular spongiosa of the vertebral body. Therein, perhaps, lies the e.\planation

for the almost complete suppression of the secondary center of ossification of the vertebral

body; this brings the cartila^nous plates into closer contact with the nucleus, for they

must act during life as the seraipermeable membranes through which watex' is continually

diffused to the avascular nuclear material.

Should the pressure tending to approximate two vertebrae exceed the osmotic pressure

developed within the nucleus pulposus, fluid would be driven from the disc through the

cartilaginous plate into the spongiosa of the vertebra. Should the reverse hold true, the

higher osmotic pressure would draw water from the spongiosa into the interior of the inter-

vertebral disc. That such diffusion does occur is indicated by DePulcy’s studies of diurnal

variation in height. An indi^'idual, getting up in the morning, is taller than when be goes to

bed at night. During the activities of the day, the forces acting on the spine maj’’ be gi’eater

than the osmotic pressm-e within the disc, and fluid is driven from it. This diurnal variation

in height is approximate^ three-quarters of an inch in males and one-half inch in females.

It is obvious that, should the cartilaginous plate become less permeable, this ree

exchange of water would be suppressed. This occurs with increasing age, and results m a

progi’essive desiccation of the nucleus-^-®^.

The delicate mechanism of water balance can be destroyed through even nnnu e

punctures in the cartilaginous plates, which interrupt its function as a semipermea e

membrane. Similarly^ small rents in the annulus fibrosus, permitting escape of nuclear lua^

terial, will immediately reduce the fluid pressure. Numerous authors have prove

experimentally“’^®’^“’"®’®°j and clinical confirmation, in man, of these experimental n

is found in cases of injury of the intervertebral disc even by’’ the minute openings lesu

om damage during spinal punctures-s*!®'!®-^®--®.
^ elastic

The resiliency’- of the spine and the motions permitted to it are not due to )

rgor of the nucleus, but to the elasticity of the ligamentous structures.
^

T le

J®
.

ost important of these is the annulus fibrosus. The annulus fibrosus consis s es ‘

concentric fibers, passing in oblique and spiral arrangement from one ver e
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AN ANALYSIS AND DIFFERENTIATION OF LOW-BACK PAIN IN

RELATION TO THE DISC FACTOR *

BY ARTHUR STEINDLER, M.D., IOWA CITY, IOWA

Three problems of a pathological nature have been selected, on the grounds that they

are essentially related to the diagnosis of the herniation or degeneration of the interverte-

bral disc.

PATHOLOGICAL OBSERVATIONS

The first question is whether or not it can be assumed that the disc is a producer of

local pain, in the sense that the pain can originate in the tissue of the disc itself. The struc-

tures concerned are the disc and the long posterior ligament. Their endowment with

sensory nerves must be considered.

In recent studies, Roofe demonstrated nerve endings in large numbers in the posterior

longitudinal ligament. He also found nerves in the annulus fibrosus, but could not deter-

mine their origin or course. Jung and Brunschwig could not observe nerve fibers in the

disc itself. Ehrenhaft found evidence that the annulus fibrosus has some nerve fibers,

which until recent years had been denied.

In the anterior longitudinal ligament, however, the nerve fibers are readily found,

which is not surprising, since this ligament might be expected to impart information on

position. The nerve fibers beneath the anterior ligament give off fine branches, which

accompany the periosteal vessels entering the cartilaginous substance of the disc.

The sensory innervation of the posterior portion of the spinal column is largely fur-

nished by the nervus sinuvertebralis of von Luschka, first described by him in 1858. This

nerve is a recurrent branch of the spinal nerve, coming off just distally to the ganglion of

the posterior root. As it separates from the main trunk, it reaches the vertebral foramen

and supplies all ligamentous structures, the capsular apparatus, the posterior longitudinal

ligament, and the periosteum. It is also said to contain sympathetic postganglionic fibers

for the blood vessels.

Since it is a lumbar nerve branch, the pain caused by it should be local-—perhaps

with some spread over the gluteal region or possibly the upper aspect of the thigh—but it

cannot cause sciatic radiation. The conclusion is that, with the disc intact, very few if any
pain symptoms may be expected to originate in the disc itself. That the disc acts as a

joint and that it must be endowed with proprioceptive organs is not a valid argument,

because the proprioreception does not come from the joint bodies any more than it comes
from the cartilages of the knee. It comes from the synovial membrane, the capsular re-

inforcement, and the ligaments about the joint; it also originates in the muscles and their

periosteal attachments. The structures in which distress is frequently produced on forward
flexion, for instance, are in sequence as follows; the ligamentum interspinalium, inter-

crurale, or flavum, the intertransverse ligament, the capsular reinforcement, and, last, the

supraspinal ligaments. The muscles are the sacrospinalis, the quadratus lumborum, and
the deeper back muscles. By their anatomical arrangement, these structures are the first

to receive stress, and there is no reason why they should not also be the first to produce
sensory symptoms.

The second problem concerns the effect of degeneration and thinning of the disc,

irrespective of herniation, on local pain.

When the disc degenerates and loses its height, a change occurs in the relationship, not
only of the vertebral bodies, but also of the arches and the intervertebral joints. That

June*2?^TM6'^
'Meelmg of The American Orthopaedic Association, Hot Springs, Virginia,



464 V. T. INMAX AND J. B. DEC. M. SAUNDERS

“sclerotogenous” pain and the region to which it characteristically radiates as the sclero-

tome, in contrast to the skin areas known as the dermatome.
The failure to appreciate the distinction between dermatomal and sclerotomal dis-

tribution of referred pain has been responsible for several attempts in recent years to

modify strangely the dermatomal charts derived from the unimpeachable experimental

evidence of Sherrington and Foerster,

There may be a subjective feeling of uselessness in the extremity afflicted. The extent

of the radiation varies directly with the intensity of the original stimulus, and is usually

appreciated as extending continuously from the point of stimulation to the most distal

point of radiation.

That the periarticular connective tissues are exquisitely tender is not often appre-

ciated, nor is the fact that radiation of deep pain is to be expected with irritation of these

structures, and may occur without the direct stimulation of a peripheral nerve or nerve root.

Unfortunately, the anatomical studies of the nerve supply to ligamentous structures

have lagged behind the experimental findings. However, the annulus fibrosus has been

shown to possess a rich nerve supply, mostly of amyelinated fibers-^-®-. It is permissible to

assume that these are sensory fibers, inasmuch as the intervertebral disc is avascular; and

tliese fibers are, therefore, probably not synnpathetic in origin.

These physiological and anatomical observations would lead one to expect that an

irritative lesion or injury to the periarticular structures of the spine would result in deep,

aching pain, and this pain would normally radiate distally to a varying degree, depending

upon the initial stimulus. This radiation of pain will accompany, in varying degree, any

injury to these structures without direct involvement of the nerve root. How distinctive is

the distribution of pain arising from sclerotogenous sources is illustrated by the following

two instances; First, it is well known that, in lesions of the sixth cervical disc, patients

may complain of deep but intense pain over the precordium. Such a distribution has no

[relationship to that of the associated spinal nerve, but may be reproduced experimentally

by stimulation of the ligaments in the region of the fifth, sixth, or seventh cervical seg-

ments. The second instance, among many, is that of a patient suffering from low-back

pain and sciatica and diagnosed as having a possible herniation of the disc; roentgenog-

raphy disclosed a tumor in the ilium. This tumor, on biopsy, proved to be a metastatic

hypernephroma. The expanding tumor bore no relationship whatever to the sciatic nerve

or any of its components, j^et the radiation was characteristic of that often encountered m

injuries of the disc, and corresponded to the known sclerotomal area associated with the

periosteum of the iliac bone.

There is now abundant experimental evidence to support the contention that distoi-

tion of the annulus fibrosus and related ligamentous structures of the neighboring joints,

consequent upon loss of nuclear substance or nuclear degeneration, is in itself the souice

of pain of a characteristic type which, depending upon the level involved, may be refeuec

to fairly specific areas of the body. Therefore, with this conception of the mechanism, it is

easy to understand the clinical case in wdiich an injury to the lower part of the back has

been sustained, and in wdiich the patient complains, not only of local pain, but of dis

comfort, radiating down the posterior aspect of the thigh over the immlved sclerotoiiic-

This radiation is misleadingly called sciatica, with the notion that pressure or initation

directly involves the nerve roots. The picture is complicated by the fact that injuiies

the ligamentous structures about the spine may involve the spinal root, because of its c o-c

relationship to these structures.

The fibers of the cauda equina, which separate to form each lumbar nerve, iear

dural sac at approximately the level of the intervertebral disc of the segment
^

above. The nerves cannot truly be said to penetrate the dura, but carry wi i

covering of dura which blends imperceptibly with the epineurium more

tribution of the dura to the connective tissue of the nerrn root increases its
‘

^
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fixation of the mass to nerve elements in the spinal canal. Hynclman speaks of the herni-

ating and the herniated discs. It is obvious that we are dealing with different phases of

the same process. The important part seems to be that the herniating disc shows definite

oedematous swelling of the protruding portion. In their description of pathological find-

ings, based upon 100 specimens, Deucher and Love emphasized the fact that some oedema

was present in the majority of cases, and in 20 per cent, of them it was marked. It is quite

probable that the oedema had something to do with the exacerbation of radiating pain. It

might explain why, in many cases in which repeated painful attacks occur over a period

of years, relatively small protrusions arc found at operation. The ability of the nucleus to

swell should not be underestimated, since it can increase to many times its original size.

In old persons the capacity of the nucleus to swell is, of course, markedly decreased owing

to degeneration; and, therefore, the protrusion of the disc does not always produce symp-

toms. Dandy speaks of a concealed disc, which he found in 28 per cent, of his series of 37

cases,—^that is, the disc bulged out so slightly that it never could be disclosed by visualiza-

tion, either with iodized oil or air.

The variability and instability of the disc and its changing relationship to nerve roots

have given substance to conservative methods of treatment, which otherwise might be

hard to justify. We know that the body assumes a tilt, or so-called sciatic scoliosis, as a

defense position. If the disc lies lateral to the root, the tilt is to the opposite side. The

herniated portion is then made to draw into the widened space between the vertebral

bodies.

Similarly, a centrally located disc may be drawn into this space when the patient

bends forward. This calls to mind the therapeutic principle of Putti. He immobilized

these patients with sciatic scoliosis “as is”,—^that is, without ever changing the position.

He knew that it was a position of relief, which must be respected, and which would dis-

appear automatically as soon as the pain and the accompanying reflex contraction were

controlled. Obviously this can only apply to the mobile disc. Scott and Young emphasized

the differentiation of the fixed and movable discs. The fixed disc should always be re-

moved, because it gives persistent sciatic symptoms. The mobile disc is one which pro-

trudes into the spinal canal when the patient is in the upright position, but returns to its

normal position with hyperflexion of the thighs and back; and it herniates again to its

maximum when the patient’s back is hyperextended. This variation in protrusion was
definitely demonstrated by Scott and Young, who took roentgenograms with the patients

in different positions, after the injection of air. We can well understand the reason why
conservative treatment of sciatic pain can be carried out successfully, on these grounds.

For instance, Kuhns reported his results in 1,000 cases of low-back pain with sciatic radi-

ation, treated conservatively by such methods as bed rest, support, and physiotherapy.

He obtained good results in 79 per cent, of the cases. This is not surprising when we con-

sider that some of these cases were probably of the reflex type (a condition which wfill be
referred to later)

,
and many of the patients must have had protruded discs which receded

after proper immobilization in a suitable position.

Thus the three pathological facts believed to be of significance are these:

1. The disc has few, if any, sensory fibers, while the neighboring capsular liga-

mentous structures are richly endowed with sensory elements, and all the sensory endow-
ment comes to these fibers from branches of the posterior primaiy division.

2. During the process of degeneration of the disc, and as a result of it, the equilibrium

between the disc and the longitudinal ligamentous system is destroyed, and this disturb-

ance is only incompletely compensated for by arthritic ledges and buttresses. The result

is that the junction between the vertebral bodies is loosened; and stress is placed, there-
fore, upon the supporting ligamentous and muscular system.

3. In the presence of this disturbed equilibrium, the disintegration of the disc pro-
ceeds, leading finally to herniation into the sninal canal*. Herniation is an evnlnt.innar\r
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intact skin^i causes paraesthesiae in the area supplied by the nerve, but there is no sub-

jective sensation of pain. Electrical stimulation of the exposed human nerve elicits sensa-

tions analogous to touch and “fast” pain only®.

From these experimental findings and clinical observations, one would anticipate that

rapidly applied pressure, sufficient to eimke mechanical stimulation, will first produce

paraesthesiae, due to stimulation of the proprioceptive, touch, and “fast” pain fibers. If the

pressure is applied slowly so as merely to cause blocking of the fibers by their physiological

interruption, the motor, proprioceptive, and touch fibers will be affected first, followed by

those of “slow” pain and temperature.

In the clinical cases of herniation of the intervertebral disc with apparent pressure

upon the nerve root, this is not the common sequence of events. The first sjunptom to

appear is usually pain. This pain is a characteristic deep ache, which usually radiates

down the extremity in a more or less continuous path corresponding to the affected sclero-

tome, and is of the order of “slow'” pain. Later, evidence of nerve-root compression may

or may not appear. The onset of compression is indicated by the appearance of clinical

findings, followung the anticipated sequence, supported by e.xperimental investigations.

Thus, there is loss of vibratory sense and tactile discrimination, hypaesthesia and hypal-

gesia over the area supplied by' the related dermatome, muscle w'eakness, and reflex changes.

The predominant sy’-mptom of pain, appearing earlyq is as ymt une.xplained. As far as

we are aware, there is no experimental evidence to indicate that pressure alone upon the

nerve root initiates pain of this characteristic type. It may' be suggested that the chemical

changes associated W’ith inflammation alter the threshold values of the intact nerve at the

site of the lesion and thereby' provoke the onset of pain. This is, however, unproved. Fur-

ther investigation is certainly necessary before this aspect of the problem is answered, and

before we possess sufficient understanding to undertake more precise therapeutic measures.

3n the other hand, it has been established that noxious stimuli to the ligamentous struc-

;ures will experimentally' produce the deep aching jiain which is so characteristic of the

;ariy stages of sciatica. 'With these positive observations, one wonders whether or not the

ieep pain may' be of a referred nature from the ligamentous structures around the spine

ind the interference of spinal mechanics. Only' w’hen nerve-root compression is marked

loes the course of phy'sical findings follow those anticipated from the e.xperimental work.

Until further investigation is carried out, wm are justified in using this conception as a

vorking hy'pothesis in the evaluation of cases of herniated discs.

Consequently', wu are led to a division of patients into three general categories:

1. Those with backache and local signs and symptoms of injury' to the vertebral

ligamentous structures, wdio present radiating pain, deep in character, extending down one

or both extremities. The extent of the radiation is indicative in some measure of the degree

of irritation or injury to the ligamentous structures. Patients falling into this category

should be considered as suffering from mechanical derangement of the spine, and should

be treated by immobilization and support. If the sy'inptoms subside, there is some justifica-

tion in assuming that the condition has been evaluated correctly'.

2. The second group includes those cases in w'hich the symptoms are identical r

those found in the first group, but, in addition, reveal definite er'idence of nen'C-root com

pression. In this group, pain is relatii'ely as prominent a phenomenon as is the evidence o

compression. Here it should be borne in mind that the influence of pressure will inteiiup

nerve conductivity' in a precise sequential fashion: The larger fibers convey'ing propim

ceptive sensation and motor impulses w'ill be affected first; those of pressure, touch, an

“fast” pain, next; and finally', the sense of temperature and deep pain will be lost.

presence in these cases of positive objective evidence of nerve-root compression

doiibt that treatment should be directed towards the relief of pressure, to ^

manent damage to the affected nerve root. It should be realized, however, that ^

removal of the herniated or displaced disc wdll not affect the factors associated wi
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one bund, and the sciatic area, on the other hand, are anatomically entirely and completely

independent of each other as far as nerve supply is concerned, since the former is supplied

entirely the posterior primary division and the latter by the anterior primary division.

The result of this test must be striking in order to be evaluated. There is no middle ground.

The interpretation must be very rigid. The patient must volunteer the information that

pain has now completely disappeared—^botb locally and by radiation—and the surgeon

must verify this by the disappearance of the leg-raising sign (Table I)

.

When the test is positive, however, it furnishes absolute proof that the pain is of reflex

character and not referred, and that, therefore, a disc lesion is not present and no operation

is necessary.

We do not know what percentage of these cases of low-back strain with sciatic radia-

tion are on a purelj’’ reflex basis, but that they do exist has been demonstrated on numerous

occasions. We do not always find a trigger point as well as radiation, although both are

necessary to cany out the test. Consequently, one may say that there are more cases of

reflex sciatic pain in existence than can be proved by that test. Without the test, patients

undoubted^ will be operated upon in whom no disc lesion is found.

We are told, furthermore, that in many of these instances in which a protruded disc

is not found, the ligamentum flaATim is hypertrophied. There is no reason why this liga-

ment should not become hypertrophied. As Grant puts it, taking his cue from Fick, these

ligaments are “sparers” of muscles and assist in the recovery of the erect posture after

bending, and they are exceptionally strong in the lumbar region. There is no reason why
they should not undergo compensatory hypertrophy to make up for the instability pro-

duced by the degenerating or herniating intervertebral disc, especially since these liga-

ments continue their course into the capsular apparatus of the intervertebral joint, which

they substantially reinforce^^. This brings up the last point of discussion,—namely, of

whether or not the lumbosacral spine should be fused after the removal of the disc.

Fusion should be done in all cases in which instability of the lumbosacral junction has

manifested itself by prolonged and repeated attacks of backache. This is a strictly local

disturbance, and it is not taken care of by the removal of the disc. These two conditions

may be related, but only in so far as the degeneration of the disc may be responsible both

for the instability of the lumbosacral junction and for the herniation which causes the

referred sciatic pain. Barr and Mixter stated, on the basis of ninety-nine cases, that, with

laminectomy and disc removal alone, the relief of back symptoms was not so satisfactory

as was the relief of the radiation. Seventy-three per cent, of the patients in wdiom the

spine had been fused had relief of the back symptoms, and only 52 per cent, of the patients

without fusion had no further back symptoms. It does not make much difference if the

removal of the disc is carried out with little or no removal of the lamina, since the instabil-

ity of the spine with attendant attacks of backache existed before operation and was not
caused by this procedure.

Similarly, Ghormley, Love, and Young, reporting on seventy-seven patients with pro-
truded discs who had the combined operation of laminectomy and fusion, found the results

good in 64 per cent., fair in 25 per cent., and poor in only 11 per cent.

Of forty-eight cases of ruptured, herniated intervertebral disc which were proved at
operation in this Clinic, the following results were obtained in thirty-one:

Twenty-three of the gi’oup had laminectomy alone and, of these, complete relief was
obtained in fourteen cases, or 60 per cent.

Partial relief (that is, residual back pain) was found in nine cases, or 40 per cent.
In contrast, of eight cases in which laminectomy’’ was followed by fusion, complete

relief was obtained in seven cases, or 87.5 per cent., and residual backache occurred in one
case, or 12.5 per cent.

On the basis of the pathological findings, we are able to conclude that the best policy
would be to initiate a conservative trial treatmpTit, in nil rlnnl-iffnl pncpc On flin n+liov lioT^rl
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DISCUSSION

Dr. William Jason Mixter, Boston, M.ass.achhsetts : It seems to me that one of the most impor-

tant things to consider this evening is the pathologi’’ of the disc, as exposed at operation. We must

consider the questions of an injurj' to the ligamentous structures, the tearing of the disc itself and of the

posterior longitudinal ligament, and the stretching of the posterior ligament. There is also the question

of compression of the nerve roots. I have not felt that I had demonstrated satisfactorilj’’ to my own

mind a ruptured intervertebral disc unless I have proved compression of the o^'erlJ'ing nen’e roots.

Then comes the question of fusion or non-fusion in the treatment of these cases. Most of us who

are treating these cases do practicall3
’' the same operation as regards getting out loose tissue after the

disc has been exposed, but in the matter of fusion or non-fusion there is a considerable difference of

opinion. One of the important things that has not been spoken of this evening is the question of the

mortalitj’ and morbiditj' of the combined operation, as compared with the operative procedure for

removal of the torn disc. The mortalit.v at the Massachusetts General Hospital has been small; I cannot

tell exactlv the number of patients who have died, but I think that all of the patients who have diet

within the last ten j’ears have had the combined operation, and I think that all of the patients die

primarih" of pulmonarv emboli.'m. If an operative procedure can be devised which will give satisfaeforj

fusion as well as satisfactoiy removal of the ruptured disc fragments, without undue risk to the patien

and without undue lengthening of the convalescent period, then I will concur with the idea of fu^ioo

as part of the primaiy operation. Before coming to that conclusion, however, we should knov ho«

manj’’ patients who have residual sjmiptoms consider themselves sufficientl.v disabled so that they

accept a second operation,—namel.v, a fusion. I think that the number is prettj' small. We mai be a e

to get more information at the Massachusetts General Hospital after stud.ving the whole series of

which has not been done. I personallj' am not making the stud.v of the cases at the Massachusetts e

^

eral Hospital, but am accepting the results as given bj”- others. That is a veiy satisfactoiy way or *

surgeon to have his results evaluated, because there can be no bias.

One point has not been stressed in the treatment of intervertebral lesions. In most of these

who are operated upon primariK for pain, the operation is definiteli^ one of election, and of P'^

choice. The patient has to make a decision, on the basis of the pain he is suffering, as to w le

willing to continue with the pain—either a stead3’’ pain or attacks and remissions of pain ‘

he wants to have something done about it. The operation should not be urged upon the pa le^

operation of this sort should be done for its pS3mhological result on the patient
ItlZlr and

and not during a remission. Motor weakness, however, should be considered a defamte em «

the patient should be operated upon afonce. Patients who have foot-drop winch has ®
^ ^tin„ed

some time and particularly those who have a transverse lesion of the cauda equina which

for a considerable period should ba studied as soon as possible, because, if the

^
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ANATOMICOPHYSIOLOGTCAL ASPECTS OF INJURIES TO THE
INTERVERTEBRAL DISC

BY VERNE T. INMAN, M.D., AND J. B. DE C. M. SAUNDERS, M.B., F.R.C.S. (edIN.)

SAN FRANCISCO, CALIFORNIA

INTRODUCTION

Herniation of the nucleus pulposus, or protrusion of the disc, is now firmly established

as a pathological mechanism associated with low-back pain and sciatica. Despite initial

enthusiasm, we have little doubt that the majority will agree that the treatment of many

of these cases bj’’ laminectomy and 'nerve-root decompression has been disappointing.

There is a growing realization that many features of the syndrome are difficult to under-

stand. We belicAn that a re-examination of certain fundamental anatomicophysiological

principles maj'^ help to clarify- the situation and serve to evaluate better the clinical find-

ings and direct the choice of treatment.

At the very outset, it should be understood that the intervertebral disc is essentially

and primarily a part of the functional mechanism of the spinal column and, further, that

any relationship which the disc bears to the spinal cord and its roots is purely secondary

and, so to speak, fortuitous. Destroy the disc and you destroy, in some degree, spinal

mechanics. Therefore, in disc derangement we are dealing ivith a dual problem,—first,

deranged spinal mechanics, and, second, the effects of spinal-nerve irritation and com-

pression. The crucial feature in the symptomatology of both is the presence of pain; but

pain, being a subjectWe phenomenon, is, unless accompanied by objective neurological

findings, difficult of interpretation and, therefore, may cause endless confusion. Too often

we are compelled in low-back syndromes to rely on the sole subjective reaction of the

patient, always unsatisfactory, as a guide to definite and rational therapy; or ive must
await the appearance of objective signs. Herein lies a great part of the difficulties in

interpretation and choice of treatment.

We shall, therefore, consider the intervertebral disc in relation to the maintenance of

spinal mechanics and the effects of its loss, as well as the anatomical relationships of the

spinal nerve and what is known of its physiological response to pressure and irritation.

From these, we believe it possible to clarify some features in the clinical management of

the affected individual.

the intervertebral disc

The general construction of the intervertebral disc is sufficiently well known not to

require any detailed discussion. It consists essentially of three parts: the annulus fibrosus,

the nucleus pulposus, and the cartilaginous plates.

The cartilaginous plates coiner the bony surfaces of the opposed vertebral bodies and,
in part, function during growth as epiphyseal cartilages. In man the secondary center of

ossification is extreinety limited, and the epiphysis of the i^ertebra does not develop to the
extent found in other mammals and in most primates. In man the epiphysis is merely a
peripheral ring of bone, so that the cartilaginous plates bear a direct relationship to the
other components of the inteiwertebral discs and are not separated from them by bony
plates. This is surprising, inasmuch as man is the onty mammal which requires that forces
be borne in a vertical direction upon the opposed surfaces of the vertebral bodies; and
these bodies are not protected by bony reinforcing plates, as in other animals. Perhaps
the explanation is found in the physiologj’^ of the nucleus pulposus.

Annual I^Ieoting of The American Orthopaedic Association, Hot Si
‘
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shift in the lateral articulations in the lower three lumbar vertebrae and nearly always more pronounced
at the fifth lumbar”. Dr. Dandy thus reverted to the antiquated theory of spondylolisthesis, advanced
by Neugebauer in 1892, before discovery of the roentgen ray, completely ignoring the true explanation
of this displacement, as discussed voluminously in the medical literature for more than twenty years.

While we have on the screen the roentgenogram of a severe case of spondylolisthesis, may I read
the five conclusions reached by Dr. Dandy in his discussion of the treatment of spondylolisthesis (pub-
lished in the Journal of the American Medical Association, 127: 137-139, 1945), not one of which can be
substantiated

:

“1. Subjectively and objectively, spondylolisthesis is precisely like defective intervertebral disks.

Only the x-ray differentiated the two conditions.
“2. ... it is my opinion that spondylolisthesis and defective disks are really identical in origin and

the treatment is the same; i.e., complete removal of the disks.

“3. In at least 90 per cent and probablj'’ all of the cases there are two or three disks (including the

one at the site of the spondylolisthesis) causing the backache and sciatica, and a cure depends on the

recognition and treatment of all the affected disks. The disk at the site of the spondylolisthesis causes

no more and, on the whole, less s3'mptoms than the other disks.

“4. A cure results when the disks are completely removed. The end result of removal of the disks

is fusion of the opposing vertebrae and therefore stabilization of the spine. This obviates the necessity

of fusion by bone grafts to the spine.

“5. Spinal fusions by grafts are never indicated either for spondylolisthesis or for defective inter-

vertebral disks. Their continued use means that the disks have been improperly recognized or treated,

or both.”

A paper published in the Journal of the American Medical Association is read by the great majority

of practising phj'-sicians in the United States, and reaches the libraries in most nations of the world.

When such a paper is written by a man of international reputation in his field, the statements made

therein are accepted by the readers as true. For these reasons, I believe that Dr. Dandy’s paper should

not go unchallenged. I have the greatest respect for Dr. Dandy’s contributions to neurosurgery, but am

convdnced that his discussion of spond5dolisthesis is based upon a disproved theory of the etiology of

that condition. It is difficult to consider seriously any part of a discussion which is based upon so

blatant a misconception of its subject.

Dr. Barnes Woodhall’’', Durham, North Carolina:

A. SENSORY PATTERNS IN THE LOCALIZATION OF DISC LESIONS

It is apparent from the discussions that have been presented this evening that the diagnosis of a

classical instance of herniated nucleus pulposus depends upon a consideration of several supplementary

studies. The statement that any patient with low-back pain and sciatica in all probability has a disc

lesion is an important one simply because it directs attention to this possibilitsq but the statement alone

can scarcely be called an accurate diagnosis. Neurological changes, if present, can be considered as one

part of the patient’s reaction to a disc protrusion, and the preoperative sensory component of the neuro-

logical examination illustrates well its value and its shortcomings in the general diagnostic appraisal.

The advantages which the examiner may hope to gain from a preoperative survey of the status ot

peripheral sensibility in patients with classical disc protrusions may be listed as follows

:

1. A knowledge of the incidence of significant sensorj’- changes in this sjmdrome.

2. A knowdedge of what constitutes a significant sensory change in terms of localization and speci-

ficity of sensory defect.

3. Some aid in the academic pursuit of defining more closely the peripheral sensorj'- dermatomes

in man.
_ _ ^

.

The examination for peripheral sensory changes is required in onlj' a few patients to define the va

and limitations of this particular phase of disc diagnosis. Such a survey', conducted in 100 consecii n e

patients with unequivocal protruded discs removed at subsequent operations, showed that forty o

patients during the period of preoperative study possessed no defect in the common sensory mo a i le-

of pain, light touch, heat and cold, or sense of position. In forty-two, sensory changes existed t a

considered of value in localizing the interspace where disc protrusion had occurred ;
and in the remain

eighteen cases, the sensory findings were either spotty in distribution over peripheral derma omes

existed as false localizing signs. The exact distribution of the cases is shown in Table I.

There is no ready explanation for the fact that a significant number of patients wuth c as
^

tured discs fail to show evidence of preoperative sensory defects. It is ^TcJinicd

are conducted over only a brief time phase of the preoperative development of the
‘

tl,i=

experience indicates that sensory loss and its subjective companion paraesthesia, may ^
time period. No adequate correlation with other components of the

,‘g The vari-

loss and reflex changes—or with the duration and intensity of sciatic pain appeals p -

* From the Neurosurgical Division of the Duke Hospital and Medical School, Durham. •
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the next, which receive firm uttachment into the substance of the adjacent bone by means

of the so-called fibers of Sharpey. Microscopically, the annulus fibrosus is composed of

fibrous and elastic lamellae with an occasional cartilaginous cell. Because of the basket-

like arrangement of the fibers of the annulus fibrosus, separation of the vertebral bodies is

possible, not so much through elasticity of the fibers, as by change in their direction^^-^o.

The arrangement leads to constant movement between the fibrous lamellae and eventually

to internal wearing of the fibers, followed at length by their partial or complete rupture.

Such findings are common pathological observations. Should these annular defects become

complete, an extrusion of nuclear material results. Andrae has demonstrated that, in 15 per

cent, of all indhdduals over the age of fifty, herniations of the nucleus through degenera-

tive areas of the annulus fibrosus are found in those portions of the spine which are subject

to the greatest movement. As many as five small hernias have been found at one level.

However, these hernias are usually insufficient to cause pressure on the spinal root.

With the loss of the internal pressure, the disc naturally collapses. The joint spaces

become narrow and the annulus fibrosus bulges laterally. With this lateral bulging, there

is a proliferation of new collagenous tissue on the lips of the vertebral bodies. Ossification

occurs in this tissue and osteophytes result. The internal edge of an osteophyte marks the

extent of the bulging of the annulus. Osteophytes seen in the roentgenograms are direct

evidence of a degenerating disc with the loss of internal pressure and a bulging annulus.

It is obvious that the loss of the fluid pressure in the nucleus pulposus leads to grave

derangement in the physiology of the disc. Pressures transmitted from the vertebra are

no longer distributed equally over the opposed surfaces. The normal tilting motion be-

tween the vertebrae is suppressed, but lateral motion is increased and may be of sufficient

magnitude to result in rotatory scoliosis of the lumbar spine^'^. The decrease in the vertical

height of the intervertebral spaces leads to subluxation of the interarticular zygapophysial

joints, in which degenerative changes develop as the result of the abnormal forces acting

upon thenP®.

LIGAMENTOUS STRAIN

It has been amply shown that the ligamentous structures of the body are the most
sensitive to pain^'^°-^^>^^. The structures may be stimulated by means of chemical irritants,

or by mechanical displacement of the collagenous fibers. The displacement need not be

great or forceful to result in a characteristic deep, dull aching pain, which is poorly local-

ized. The pain so elicited is constant in type, but varies in intensity, depending upon the

structure stimulated and the severity of the stimulation. The stimulation of the perios-

teum, of tendons, or of the attachments of the ligaments is accompanied by an extensive

radiation of pain, often associated with soreness of the muscles and tenderness over the bony
prominences in the region of the radiation. The character of the pain which radiates

distally from the site of the point of irritation is similar to that elicited at the point of

stimulation, except that it tends to appear somewhat later and at varying intervals of time
after the original stimulus. This interval may vary from a minute to several hours. The
radiation of pain is characteristically interpreted as being deep within the body, and it

has no cutaneous components.

Not only is deep pain periodic and wavelike in character, but it is accompanied, when
intense, by vasovagal responses, such as nausea, sweating, fall in blood pressure, and
collapse. Herein it differs markedly from the response shown by cutaneous pain. From
our experimental experiences, the authors agree with Lewis, who says; “The difference

in the quality of pain derived from skin and from deeper structures has led me to suppose it

possible that these are separate forms of sensation”. In the authors’ opinion, there is

enough evidence to justifj’^ the conception that these two forms of pain are entirely sepa-
rate and different modalities. Deep pain is derived from, and radiates extensivel}'' to,

mesodermal elements connected with the skeleton. We have designated this modality' as
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Foersfer

a result of

roofs ma}'

The lemarkable sensoiy overlap of the dermatomes of the fourth and fifth lumbar vertebrae isS a^dSuTtoe ndTi "'’d"’'
demarcated distally to the second,

• ^and fnV r f P'-ob«Wlit.v of this variant is substantiated by

tered mdivilus i H r-
’"°"°Sraph upon disc surgery, and has been noted in scat-

aJee foe and dn!
this series Ivoepn has reported the fourth lumbar dermatome as involving the

hi?d umha? .WT T® ’/
distribution that he considers characteristic of disc herniation at thethud lumbai mtei space. In the few disc protrusions at this level, no localizing sensorj^ patterns have

been seen in this series; and, in

most instances, the diagnosis has

been made by m3'elographJ^

Foerster did not show an ex-

tensive rostral distribution in the

sensoi'v dermatomes of the fourth

and fifth lumbar and the first sacral

roots, although narrow patterns of

sensorv loss extending from the foot

to include the posterior aspect of

the leg and thigh are pictured with

rhizotomj^ of the second sacral, and

with combined rhizotomies of the

first, second, and third sacral. Sj’m-

metrical bands of sensor3'’ alteration,

e.xtending from appropriate areas of

the foot to the spine, are pictured

for the first time b3r Keegan. The

existence of such unusual and strik-

ing sensoiy patterns appears indis-

putable in certain cases of disc com-

pression, if these instances are

sought for b3' meticulous e.xamina-

tion for diminution in the modahb

of light pain perception. They nr®

shown most clearty in the sensoo

patterns considered characteristic o

compression of the first sacral seo

sory root.

Fig. 4

Sensoiy patterns with disc protrusions at tlie fourth lumbar
interspace, compressing the fifth lumbar root. Incomplete pat-
tern, pointing toward the great toe and involving.dorsum of
the foot, is shown at left. Second figure shows characteristic
involvement of great toe. Note overlap upon central toes, as
compared with previous dermatome charts. The hypalgesia
over the calf is, in most instances, situated more laterally.

"

Third view shows invoh'ement of great toe and palmar
surface of foot. Compare with Foerster. At the right is shown
another instance of involvement of great toe, dorsum of foot,
and lateral aspect of calf. Note rostral extension of the sen-
sory^ pattern, as described by’' Keegan.
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tlic foramen to twice the size witliin the subarachnoid space. Each nerve is firmly attached

to the dura, and traction upon the nerve will produce deformation of the dural sac without

transmission of the tension to the fibers of the cauda equina. The nerve, as it lies in the

intervertebral foramen, is relatively free, being attached to the surrounding skeletal struc-

tures only by fine areolar tissue. As the spinal nerve passes through its foramen, it is

closel}’' applied to the medial and inferior surface of the pedicle, occupying a smooth groove

on this aspect of the pedicle, known as the sulcus nervi spinalis. At the fifth lumbar

foramen, and to a lesser extent at the fourth, the sulcus extends obliquely forward into the

body of the vertebra. The nerve, in its course through the foramen, occupies only its upper

half, the lower half being more or less occluded by the posterior projection of the inter-

vertebral disc and the anterior bulging of the ligamentum flavum. The spinal nerve comes

into contact with its own intervertebral disc only at its point of emergence from the inter-

vertebral foramen.

The underlying and fundamental cause of the sciatic pain which occurs in association

with herniation of the nucleus pulposus, or a displaced disc, presents many difficulties in

its elucidation. A common conception is that such pain is caused solely by pressure on the

nerve root. Such a conception cannot be correlated with any of the existing experimental

evidence of the effects of nerve pressure. In fact, experimental evidence on nerve com-

pression should lead the clinician to expect a sequence of events far different from that

actually found in cases of this nature.

Pain can be divided into two essential types,—namely, “fast” and “slow” pain^"*.

“Past” pain is characterized by being sharp and lancinating, readily localized, appreciated

immediately after the application of the stimulus, and so adaptable that immediately

after its initiation it is no longer appreciated. In addition, “fast” pain profmkes a defense

reaction in the subject and is associated with sympathetic hyperactivity. On the other

hand, “slow” pain is of a dull, aching character,- not readily localized; an interval of time

exists between the application of the stimulus and the appreciation of the pain
;
it tends to

spread or radiate extensively; and exhibits little or no tendency toward adaptation. When
severe, it is associated with collapse and a tendency of the individual toward withdrawal.

Both “fast” and “slow” pain are elicited from the skin; but, as we proceed to the deeper

structures, we find that deep pain is most prominent.

The nerve root is composed of a whole spectrum of nerve fibers, ranging in size from

0.5 to 10.0 micra in diameter and with conduction rates varying from 0.6 to 90 meters per

second". While a precise correlation cannot be made between the function of a nerve and
its size, because of overlap between the various groups, still the evidence would indicate

that, in general, the larger fibers belong to the proprioceptive and motor systems and the

smaller fibers subserve skin sensations. Among the latter, touch, pressure, and “fast” pain
belong to the larger group

;
while temperature sense and “slow” pain belong to the smaller

fibers.

The reaction of the various fibers to mechanical, electrical, and chemical stimulation

or to the blocking effects by pressure and asphyxia are quite different. The large myeli-
nated fibers have a low threshold to mechanical and electrical stimulation. The}’^ are also

the first to be blocked by pressure and asphyxia. On the other hand, the small fibers are

the most resistent to blocking by pressure and asphjLxia, but are the most susceptible to

cocainization and chemical stimulation. These careful experimental studies are borne out
in clinical application where uncomplicated factors are at work. It is common experience
that sitting on the sciatic nerve causes the foot to go to sleep. The first fibers to be blocked
are those of touch, the proprioceptive sense, and the motor system. When the leg begins to
awaken, the subject experiences paraesthesiae of tingling, but at no time is there a feeling
of pain or ache in the extremity. A cast applied too tightly over the peroneal nerve riiay
lead to loss of touch and proprioceptive sensation, together with muscle power, but pain is

usually absent. Electrical or mechanical stimulation of the peripheral nerves through
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TABLE II

Herniated Nucleus Pulposus

(Status as of About August 1, 1944, of Patients Admitted During 1943)

i

1

Operations Performed Total Cases Still in Service
Discharged up to

August 1, 1944
During 1943 in Sample August 1, 1944

j

Number Per Cent.

Enlisted Personnel

None

Excision of herniated

328 72 256 78

nucleus pulposus

(including laminectomy)

!

126 87 39 31

Miscellaneous or unknown 29 7 22

1

Total cases among enlisted

personnel 483 166 317 ' 66

Officers

Patients operated upon 32 32 1 0
1

0

Total cases among officers 59 50 9 15

Total cases (enlisted men
and officers)

j

542

I

1

1

1
1i

diagnostic and localizing I'-alue. The scarcitj'- of protrusions at the third lumbar interspace makes

analysis difficult, and the few cases observed showed no characteristic alterations. Protrusion of the

disc at the fourth lumbar interspace, invoh'ing the fifth lumbar root, usualb' gives evidence of compres-

sion of this root by hi’^palgesia over the great toe and the dorsum of the foot, perhaps more frequently

with sensory diminution over the anterolateral aspect of the calf. Due to dermatome overlap, unusual

sensory patterns may occur, diminishing the localizing value of such patterns in protrusions at the

fourth lumbar interspace. With few qualifications, involvement of some part of the lateral three toes

and the lateral aspect of the foot suggests a disc protrusion at the fifth lumbar interspace, involving the

first sacral nerve. A high proportion of such cases will show further a rostral extension of the zone o

hypalgesia over the lateral aspect of the calf and thigh, spreading posteriorlj’' over the buttocks to t e

mid-line of the lumbosacral spine.

B. PRELIMINARY APPRAISAL OF ARMY RESULTS
*

Between the early part of 1942 and September 1, 1945, 2,858 cases of rupture of the intervertebral

disc were treated bj"- operation in the Neurosurgical Centers of the Zone of the Interior. They comprise

approximately 10 per cent, of the total operative load of 29,833 neurosurgical lesions treated during

same period. The final end-result study of this, as well as of other neurosurgical injuries o nii i aD

import, will be a function of the Veterans Administration or will be conducted undei the

the National Research Council. The present appraisal, conducted during the war j^ears, was

solely to evaluate the ability of the soldier to remain on a duty status after operation. e s a i

under discussion in this article were secured by The Surgeon General’s Office. They emonsra

size of the problem during the year 1943 and the status of patients so treated as of about ugus

(Table II) and as of February 1945 (Table III).
, , .^v 2 000

There were 2,415 cases diagnosed as herniated nucleus pulposus, representing one ou o
jg^ted

enlisted men. In addition, officers accounted for about 11 per cent, of all admissions or i

nucleus pulposus, an admission rate slightly higher than that for enlisted personne .

sampling of the cases gave the following results:
. . . a 1 1944 ,

and

Of the 483 cases of enlisted personnel in the sample, 166 were still in Service on Aug >

317 had been discharged, a discharge percentage of 66.
_ Hi.charae percentage

Among 328 patients not operated upon, seventy-two were sti m Service, the
^

percentage

was 78. Of the 126 patients operated upon, eighty-seven were still in Service, the

was only 31, which compared favorably with current civilian statistics.
percentage

Among fifty-nine officers in the sample, fifty remained in Seijice, ^ ^ duty. These

only 15 Of thirty-two officers in the sample who had been operated upon, all
showed a

co° elalL Lsely with sMsto scoured .t the Welter Eeed General Hctp.t.h^
•Data presented in this discussion were derived from the Surgical Consultante mJ

The Surgeon General, Vfashington, D. U.
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mcntous irritation, resulting in local backache and the radiation of deep pain to the

extremities. It is in cases of this category that disappointments occur after operative

intervention, and additional measures are necessary to protect the injured and painful

ligamentous structures.

3. In the third group, the symptoms of backache may be mild or lacking, and radia-

tion of pain to the extremity is not extensive. On the other hand, the signs of nerve com-

pression are outstanding. There is muscle weakness with atrophy, definite and unequivocal

loss of sensation over the appropriate dermatome, and reflex changes. Relatively few cases

of herniated intervertebral discs fall into this category, but many of the spinal-cord tu-

mors do. The authors feel that in those cases the major lesion is one of nerve compression,

and local ligamentous irritation is minimum or lacking. Consequently, removal of the

pressure agent and decompression of the nerve are followed by almost complete and dra-

matic recovery, to the gratification of the patient and surgeon alike, if intervention is

sufficiently prompt.
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TIBIOTARSAL ARTHRODESIS AFTER ASTRAGALECTOi\IY

A Report of Eight Cases

BY J. C. CARMACK, M.D., SAN BERNARDINO, CALIFORNIA,

AND HALFORD HALLOCK, M.D., NB^Y YORK, N. Y.

From the New York Slate Reconstruction Home, West Haverslraw, New York

INTRODUCTION

Tibiotarsal fusion has been designed to correct certain structural deformities and to

overcome functional disorders which sometimes develop in feet after astragalectomies.

The objectives are accomplished by remodeling and fusing the joint space between the

tibia and the calcaneus, and by fusing the navicular to the tibia and the cuboid to the

calcaneus. It is a rei’isionary measure, and is used only after astragalectoray has failed.

The first astragalectomy was performed by Fabrig^, in 1608, for a severe compound

dislocation. He found, to his astonishment, that his patient made a good recovery and

was able to walk without support. The full possibilities of this important observation

remained hidden, however, for nearl}’- three centuries, until Whitman re-introduced the

procedure and demonstrated its practical application in the treatment of crippled children.

The operation was a major contribution, and soon had a great surge of popularity. It was

used by many surgeons, possibly for manj’- different disorders of tlie foot; and conse-

quently, as might be expected, some of these operations failed. Snedecor, recently reporting

on reconstruction of the foot and ankle following war injuries, cited three cases in which

astragalectomy had been performed. In one of these cases the result wms fair and in one

it was reasonably good; in the third case, Snedecor frankly stated that an eventual tibio-

calcaneal arthrodesis ivoulcl probablj’’ be necessary.

The incidence of astragalectomy failures is apparently not great; but, if the operation

fails, the concomitant deformitj'’ and disability are often of such magnitude as to require

revision. In this revisionary capacity, tibiotarsal arthrodesis has found its important role;

and the operation is, at this moment, a useful and necessary surgical measure.

DISABILITY

The purpose of this paper is not to discuss the principles governing the choice of

astragalectonty, nor to attempt an analysis of the reasons for its failure. This has been

admirably done by Thompson in a critical re-examination of 100 old astragalectomies and

a reAuew" of the records of more than 2000 cases. The failures are characterized by pi'O"

nounced deformity, pain, or instability; one or all of these ma}'’ be present.

Deformity: Every case of extirpation of the talus presents a characteristic appear-

ance. There is moderate unsightliness of the ankle and some shortening of the foot an

leg, due to loss of the bone. Dorsiflexion is limited, or even absent, because of tibiotarsa

block or fibrous ankylosis. In the astragalectomy failures, more or less severe deforinit}

is the rule. Equinus is generally present, and is due to severe plantar flexion of the oi

part of the foot. Often there is also a marked position of talipes calcaneus (Figs. 1-A an

3-A) . The longitudinal arch is elevated and the metatarsal heads are more closely

proximated to the heel. The tarsal portion of the foot has been moAmd dorsally.

plantar fascia is usually contracted, and it appears that the intrinsic flexors have pu

^

the calcaneus forward and tilted it upward. In some cases there is inversion and vis

of the fore part of the foot; wdiile in others eversion is present, with out-ward tuinin

the foot and depressing of the longitudinal arch. Muscle imbalance, in °
ght

stress and strain of weight-bearing on a shortened and already weakened Imih, is

to be the cause of these deformities.
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left iinlreatcd for a considerable time, the strength never returns. We have a number of these patients

who have had foot-drop for six months or a year; they do not recover as well as one would hope, and

some of them never recover.

At the present time our criteria for fusion or non-fusion in these cases are indefinite. I believe that

we should consider (1) whether or not the patient must do heary lifting, (2) the presence of abnormal

mobility, (3) the presence of a structurally weak lumbar spine, (4) the predominance of back symptoms.

As a matter of fact, I am guided to a considerable extent by the desires of the orthopaedic consultants.

In this way, we are running two parallel series of caso.s, one with fusion and one without fusion. A
comparison of these two series should bo of real value.

Considering the amount of fusion purely from the point of view of the neurological surgeon, I should

feel that, if the fourth disc were ruptured, I would like to have the fourth and fifth lumbar vertebrae and

the first sacral segment fused. If the disc is higher up, I do not know. Personally, I do not think I

would want my back fused any higher than the fourth or fifth lumbar vertebra. I would rather take a

chance than to have fusion done at the third, second, or first lumbar vertebra. I think that what Dr. Love

has said is true. Myelography must be considered important, not so much for the diagnosis of ruptured

intervertebral disc, but to give us a clue as to whether we are dealing with a fourth disc, a fifth disc, or

possibly a third disc, or with multiple lesions. We do not find many multiple lesions at the Massachu-

setts General Hospital.

With regard to conservative treatment, each individual case must be taken on its own merits. A
patient jvho has fairly bad sciatica and is in danger of becoming a morphine addict should be treated

conservatively for a much shorter time than the patient who has remissions. Dr. Van Gorder will

remember a patient whom he and I operated upon primarily because he had trouble in his back every

time he went grouse shooting. This case was one of the dismal failures. The man was relieved of his

sciatic pain, but he had terrific pain in his back. He was relieved by a spine bision.

I think that the operative treatment of ruptured intervertebral disc has come to stay. I believe that

the combined operation of fusion and removal of the fractured portion is something which probably is

coming, although of that I am not sure.

Dr. Theodore A. Willis, Cleveland, Ohio: Vertebral anomalies that affect the stability of the

lower part of the back predispose the individual to strains and sprains of the muscles and ligaments,

thereby giving rise to backache with muscle spasm and restriction of motion. Pain arising from con-

tinued or repeated mechanical irritation of a part may be referred to the areas of distribution of any
branch of the neuron which supplies the affected part.

In a review of roentgenograms of 1,500 individuals with and without backache and sciatic pain,

presented to this Association in 1940, it was noted that vertebral anomalies were not much more preva-

lent in those individuals complaining of backache than in those who had had roentgenograms for other

purposes. In my own experience, patients with even extreme degrees of spondylolisthesis, although they

experience backache with exertion, are not prone to complain of sciatic pain.

For these reasons I have been much interested in the late Dr. Dandy’s discussions of low-back pain
and sciatic pain, and of the treatment of spondjdolisthesis, published in the Journal of the American
Medical Association in 1944 and 1945.

In the earlier paper, Dr. Dandy discussed twenty cases of defective intervertebral disc, not associ-

ated with sciatic pain. Sixteen of these cases showed multiple discs, 78 per cent, of which were of the
hidden type. Dr. Dandj^ stated that the weakness of the spine which gives origin to defective discs is

the shift in direction of the planes of the lateral articular processes; and he ascribed to the increased

mobility of these joints the real source of symptoms, attributing the initial pain to movement of the

loose lateral facets, the disc being secondarily affected.

In his discussion of the treatment of spondylolisthesis in 1945, Dr. Dandy exoressed the belief that

the vertebral displacement of spondylolisthesis is usually responsible for only part of the symptoms
present, or at times for none at all. He stated that, in most instances, not the spond3dolisthesis or even
the disc at its site caused the pain, but rather another disc or discs. Cure of the sj^ptoms, he said, usualb^
depends more on the removal of the other discs than of the one at the site of the defect. This opinion
was based on the findings at operation in twenty cases of spondjdolisthesis, in eighteen of which there
were multiple discs.

Orthopaedic surgeons have been convinced for manj' j’ears that anomalous and asjTOmetrical articu-
lar processes of the lower lumbar and lumbosacral vertebrae affect the mechanical stability of the spinal
column and give rise to clinical sj’mptoms. Dr. Dandj^ ascribed the real source of these symptoms to
the increased mobility of these anomalous joints, but went further bj' claiming that the loo'e joints
cause disc defects. He insisted that not only the disc at the site of the lesion, but particularly the
adjacent discs, must be removed to relieve the Ejmiptoms; and that removal of the discs is all tiiat is

needed to accomplish this result. He referred to spondjdolisthesis as “but an incident in the field of
ruptured disks”, and as causing fewer sj-mptoms than the contiguous discs. He stated that “the reason
for the development of spondjdolisthesis is precisety the same as for defective disks, i.e., the outward
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ou August 7, 1941, at the age of thirteen, for purposes of stabilization and correction of the deformity

(Fig. 2-B). Three years after revision, the foot was still solid in a position of 100 degrees and the patient

had no pain. Slight varus and slight adduction of the foie part of the foot were present.

Case 4. L. G., a white female, born Febiuary 7, 1931, had poliomyelitis at the age of seven months
which left her with severe residual paialysis of both lower extremities. A light astragalectomy was per-

formed at the age of nine years. She leturned four yeais later, with equinus of the fore part of the foot

of 125 degrees. Tibiotarsal arthrodesis was earned out on August 27, 1943, for correction of equinus

deformity. The patient was last examined on December 7, 1944, at ivhich time the foot was at 115 degrees

stable, and painless.

Case 5. J. B., a white male, born October 27, 1931, had poliomyelitis at the age of two 3^eais

Astragalectomy was done on the right foot at the age of five. At eleven years the foot was in equinus of

150 degrees. Tibiotarsal fusion was performed on August 12, 1943, six years after astragalectomy. At last

examination, three years after surgical revision, the right foot was in a position of 90 degrees, and was

stable and painless.

Case 6. C. N., a boy, born January 3, 1928, had poliomyelitis at the age of three years with per-

manent involvement of both lower extremities. Right astragalectomy was done at seven years of age,

Fig. 1-A

Case 2, V. W. Roentgenogram of light foot at the age of fifteen ymais,—seveial ymars after

astIagalectom3^
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TABLE I

IxciDnxcn and Locauzing \'’altji: of Srnsouy Loss in 100 Phoved Cases of Disc Protrusion

Interspace
No Sensorj’-

Lo.'^s

Sensory Loss Without
Localizing Value

Sensory Loss With
Localizing Value

Third lumbar 1 2 0

Fourth lumbar 19 10 19

Fifth lumbar 20 6 23

Totals 40 18 42

abilitj' in the extent of the sensory patterns, when thej^ do appear, is suggestive evidence that the degree

of root compression is the limiting factor in the appearance or non-appearance of sensory changes, a

fact that cannot be fully evaluated bj’’ gross inspection of the protruding disc fragment at operation.

The distribution of the sensoiy dermatomes in man has been studied by Dejerine, Head, Poerster,

and recentlj' by Keegan (Figs. 1, 2, and 3). They have been described following differential root section,

stimulation of divided posterior roots, chemical irritation of cord segments, after the appearance of

herpes zoster, after trauma, and after operative resection of sensory roots, involved in neoplastic

growth or compressed by a disc fragment. The method used by Foerster of isolation of a single root

b}’’ rhizotomy of the adjacent caudal and rostral roots, following the experimental work in monkeys
reported bj’’ Sherrington, has demonstrated, in all probability, the most accurate picture of the lumbo-
sacral dermatomes pertinent to disc surgery.

Two points in Foerster’s work are of significant import to neurosurgeons interested in defining the

sensory patterns characteristic of disc compression. In the first place, it is apparent that there is con-

siderable overlap in the distal distribution of the sensory dermatomes of the fourth and fifth lumbar
roots, innervating the large toe and the dorsomedial aspect of the foot. Clinical experience with disc

lesions at the fourth lumbar interspace, involving the fifth lumbar root, has shown, however, that in-

volvement of the great toe, dorsum of the foot, and anterolateral aspect of the calf, either by subjective

sensory changes or h3’palgesia, is of specific diagnostic aid. Involvement of the anterolateral aspect of

the calf was obsen^ed more frequently in this particular series than was that of the large toe and dorsum
of the foot. There may be considerable variation in the sensoiy patterns in the calf. Unless the large toe

and dorsum of the foot are involved, the sensory patterns observed before operation in disc compres-
sions of the fifth lumbar root at the fourth lumbar interspace are not of specific or of localizing value
(Fig. 4).

Fig. 1 Fig. 2

Distribution of the sensop^ dermatomes of the fourth and fifth lumbar and first sacralroots (adapted from Dejerme and Tilney and Rilej'='*).

ro^r^j
sensorj^ derinatomes and denial of overlap in Keegan’s chart'. The

Ifis^^tudy
dermatome of the fourth lumbar root illustrates, in part, this phase of

. *>0 v-rt
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Tlicre is lilllc disjnilc concern-

ing the distal distribution of the

sensory dermatome of tlic first sac-

ral root. Overlap is minimal ami,

with compression of this root, alter-

ations of normal sensibility may be

expected over some part of the lat-

eral three toes and over the lateral

aspect of the foot. When such

changes are found in a suspected

disc lesion, their localizing value is

evident. This statement must be

qualified by the fact that, in two

instances of herniation at the fourth

lumbar interspace, sensory changes

characteristic of involvement of the

first sacral root were found, suggest-

ing a more medially placed protru-

sion. In half of the cases in this

series showing distal sensory pat-

terns characteristic of involvement

of the first sacral root, the sensoiy

loss could be demonstrated rostrally

as a narrow or wide band, extending

up the posterior and lateral aspects of the leg and thigh, terminating at the mid-line of the lumbo-

sacral spine. In some instances, involvement of the sensory roots of the second and third sacral maj'

have been responsible for this phenomenon, but in a considerable number, the band of hj’-palgesia lay

too far ventrally to fit the customarilj’’ accepted dermatomes of the second and third sacral roots (Figs. 5,

6, and 7).

Conclusions

The preoperatir-e sensory patterns seen in instances of classical disc pi’otrusion are dependent upon

at least the two factors of varying compression and the well-recognized overlap of sensory dermatomes.

The3
’' may be influenced further by the location of the disc protrusion in anj’- single interspace and by

single or multiple root compression. Such patterns cannot be compared with those obtained by
rhizotomiq although in manj' instances thej' are quite similar in distribution.

Roughlj^ half of the patients with indisputable disc protrusions show sensoiy. changes that are of

Fig. 5

Sensory patterns with disc protrusion at the fifth or lumbo-
.sacral interspace, with compression of the first sacral root. A
fairly characteristic pattern, involving lateral toes, lateial as-

pect of foot, and posterolateral calf, is shown at the left. Sec-

ond view shows rostral extension of a similar sensoiy pattern

to involve the posterior aspect of the thigh. At the right maj^

be seen splitting of a sensoiy pattern with possible involve-

ment of the lower sacral roots. The burn occurred in an area

of analgesia.

Fig. 6 Fig. 7

Fig. 6 : Rostral extension of sensor.v pattern over buttocks to mid-line of lumbosacral spine may
be seen at left. Center view shows evidence of splitting of a sensoiy patteni, similar to those por-
traj-ed in the other two views. At right is seen another instance of a sj'inmetrical rostral exten.sion
of a classical first .'acral dermatome, placed more ventrallv than the customarj- dermatomes of the
second and third sacral roots.

Fig. 7: Classical sensoiy pattern of almost complete transverse protrusion at the lumbosacral
interspace, involving the first sacral roots and distal sacral segments.
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ANALYSIS OF CASES

All of the eight patients were paralytics, who had had poliomyelitis at an early age

wjth permanent disability of the lower extremities. Five were males and three were

females. Seven of the eight revisions were on the right side, although twm of the patients

had had bilateral astragalectomies. The onset of the poliomjmlitis had been betw'een seven

months and seven years of age. The astragalectomies had been done betw^een the ages of

five and fifteen years. The revisions had been performed betw'^een the ages of eleven and

thirty-three years, and averaged a little over seven years after astragalectomy. Before

revision, twm patients had pain on weight-bearing, turn presented calcaneus, and four

equinus,—wdiich wms severe in two. Four had cavus deformities, two of w^hich were severe.

Four feet shouted varus and one valgus. After revision by tibiotarsal fusion, none of the

feet were painful and all were stable. Satisfactory correction of deformity w^as obtained

in every instance; the average position of the foot for females was 102 degrees; for males,

it was 98 degrees. One patient was enabled to discai'd a brace after the operation, and all

patients were definitely improved. In this series, arthrodesis occurred in each case without

delay. In one patient, calcaneotibial arthrodesis had previously been attempted for pur-

poses of revision, but had failed.

SUMMARY

In extirpation of the talus, in addition to the noticeable disfigurement of the ankle,

some shortening of the extremity occurs ivith limitation of dorsiflexion. Disabling de-

formity occurs in some cases. Some ankles are definitely not stable, and consequently are

painful. Deformities, especially if severe, demand operative correction, if all the criteria

of a good foot and ankle are to be satisfied. This can be accomplished by tibiotarsal fusion.

REFERENCES

1. Bick, E. M. : Source Book of Orthopaedics, p. 50. Baltimore, Williams and Wilkins Co., 1937.

2. Hallock, Halford : Arthrodesis of the Ankle Joint for Old Painful Fractures. J. Bone and Joint Surg,

27; 49-58, Jan. 1945.

3. Kimberley, A. G.: Malunited Fractures Affecting the Ankle Joint. AVith Special Reference o

Twenty-Tw'o Cases Treated by Arthrodesis. Surg., Gimec., and Obstet., 62 : 79-84, 1936.

4. Snedecor, S. T.: Reconstructive Surgerj'’ in Patients with AA’'ar Fractures of the Ankle and Foot.

Bone and Joint Surg., 28: 332-342, Apr. 1946.

5. Thompson, T. C.: Astragalectonw and the Treatment of Calcaneovalgus. J. Bone and Joint

21: 627-647, July 1939.
_

6. Whitman, Royal: A Treatise on Orthopaedic Surgeiy, Ed. 9. Philadelphia, Lea and Febiger,

the journal of bone and joint SDBGtT-T



INJURIES TO THE INTERVERTEBRAL DISC 475

TABLE III

Herniated Nucleus Pulposus

(Status as of February 1945 of Patients Admitted During 1943)

AH Cases
Method of Treatment

Excision or Laminectomy No Operation

No.
Per
Cent. Total No.

1

Per
Cent. Total No.

Per
Cent.

j

Total

Enlisted men
In Service 90 50 40

Separated 360 80 450 83 62 113 277 87 317

Officers, male

In Service 44 28 16

Separated IS 29 62 11 28 39 7 30 23

Females

In Sendee 5 3
1

2

Separated 3 38 8 1 25 4 2 50 4

Total

In Service 139 81 58

Separated 381 73 520 95 54 176 286 83 344

discharge percentage of less than 10 among officers. These statistics suggested that Army neurosurgeons

were doing a fairly good job during 1943 in the rehabilitation of patients with disc injuries. There were

two extraneous factors favorable to these results, above and beyond the professional problem. In the first

place, the Armj' needed restricted-duty personnel, and for this reason there was considerable pressure

upon surgeons to return the men to duty. In the second place, officers, with their obviously greater

reward for return to duty, ranked as an easier group for rehabilitation.

The picture changed considerably during the latter half of 1944 and the early part of 1945. Direc-

tives were issued, stating in effect that all patients operated upon for herniated nucleus pulposus should

be returned to permanent restricted duty, under the profile supplement of Mobilization Regulations

1-9, issued May 22, 1944. Furthermore, under War Department Circular No. 212, dated May 29, 1944,

the return to duty of a patient without special qualifications, who could not do a full day’s work, was

prohibited. This change in the manpower requirements of the Army was quickly recognized by patients,

and increasing difficulty w^as experienced in securing alleviation of symptoms. In the second place,

these patients did not respond well to the reconditioning program, which did not appear well adapted

for the care of low-back injuries. (This phenomenon was also noted in England.) In many instances,

the symptoms recurred, and many men were readmitted to the hospital.

A re-evaluation of the cases of herniated nucleus pulposus treated in 1943 (Table II), again by the

method of a 20 per cent, sampling of the entire group, was carried out by the Medical Statistics Division

of The Surgeon General’s Office on March 24, 1945. The percentage of patients discharged after oper-

ation had b3
'^ then risen from 31 to 54, and the total percentage of the patients w'ho were discharged,

both operative and non-operative cases, had risen from 66 to 73 (Table III). This reflected, in all

probabilitj^ the influence of personnel requirements upon a neurosurgical problem, as w'ell as the inability

of patients with this syndrome to rvithstand the various difficulties of Army life.

Note: The speaker is indebted to Guy Odom, M.D., for several of the clinical photographs of pre-
operative sensory patterns.
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Fig 1-A

su£fnit‘?iVf;?nn if tI!!T of decreased density at the inferior border of the

and shaft hp/fiw
is_ marked sclerosis of the medial surface of the neck

there is linm'no- at
ai’eas. F>oto that the articular cartilage space is sligh% narrowed and that

tiieie IS lipping at the margins of the femoral head,
nig. I-B; Postoperative roentgenogram.

:/

/
r/ k

the lower border of the glutaeus maximus. Reflexes

and sensation were unaltered. The knee joint and the

ankle joint appeared normal. Routine laboratoo’ ex-

amination revealed a moderate hypochiomic anaemia

and a positix'e tuberculin reaction. Chest roentgeno-

grams xvere normal, and there xvas no fever. Roent-

genograms of the peh'is rex'ealed two oval aieas of

decreased density on the medial aspect of the neck of

the right femur. Around and below these areas there

xx'as sclerosis of the regional bone. There were nidil

degcneratix'e changes in the hip joint, as evidenced by

a slight narrowing of the cartilage space and lipping nl

the margins of the femoral head (Fig. 1-A).

At operation a few day's later, the joint was fird

entered anteriorly'. The sy'nox'ial membrane shove

marked x'illous proliferation, and the joint space con-

tained about 100 cubic centimeters of clear xanfho

chromic fluid. There xvas marginal osteophyte forma

tion about the head of the femur, but the articu nr

cartilage appeared to be normal. Specimens of the

cd
synox'ial membrane and of the cartilage were lerooxj

for biopsy, fluid xvas taken for examination, and t >c

f . • *• 7) j rr.1 .
xx'ound xx-as closed. Because of the possibility tlmt m

tix'e defect is partially' tilled in. The prex'iouslv i t x- *1 reeion o'

l,vne,-t,nnhie eh.amrps in iRn ininf ^one lesion xvas mfectious, the trochanteric regi

the femur xvas then exposed through a separate

Fig. 1-C

Fourteen months after operatim. The opera-
3 previously

noted liypertrophie changes in the joint are
more marked.

sion, and the loxver portions of the interior of (ho

red, hii(

he

femoral neck xvere explored. All the bone that had slioxx'n changes by' roentgenogram xvas remox

no definite lesion could be identified grossly (Fig. 1-B). The xvound xvas closed routinely.

The patient xvas immediately relieved of her pain, and she commented upon this as soon -

^

axvakened from the anaesthetic. Healing was unex'entful. Culture and guinea-pig tests of the

removed from both opciative sites xvere negatix'e. Tlie bone defect filled in slowly xx'ithout re u

CTT
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Pain: Allliougli pain is not a constant finding, it sometimes occurs after astraga-

lectomy, and, wlien present, is explained upon the basis of excessive strain, synovitis,

traumatic arthritis, or instability of the tibiotarsal joint. It may be quite disabling.

Instability: Loss of stability results from muscle imbalance, deformity, or both.

M’hen this condition exists, stabilization is indicated, even though excessive deformity

may not be present.

All these obnoxious factors maj’^ cause impairment of gait, decrease in function, and

loss of endurance. Tibiotarsal arthrodesis rectifies these factors by correcting the de-

formity and stabilizing weak and painful joints.

OPERATIVE PROCEDURES

Surgical approach is made through an anterior longitudinal incision over the tibio-

calcaneal joint. Sufficient exposure is needed to view well the anterior boi’ders of both

malleoli, as well as the articular surfaces of the tibia, the calcaneus, the navicular, and the

calcaneocuboid joint. As the calcaneocuboid joint may be laterally placed, it is sometimes

advisable to expose this joint through a separate incision over it. All cartilage, and the

fibrous and fibrocartilaginous tissue are completely removed from the articular spaces.

Correction of deformity is obtained by removing bone substance in sufficient amounts to

allow restoration of good weight-bearing alignment of the foot with the leg, and to correct

any malignment between the fore and rear portions of the foot. Every attempt must be

made to adjust the foot as accurately as possible, placing it in exact neutral position or,

better, in slight valgus and in proper equinus. When properly fitted, the raw bony surfaces

of the joints are approximated; and supplemental bone, in the form of chips, obtained

from the anterior surface of the tibia above the joint, is distributed across the lines of

arthrodesis to facilitate prompt union.

The degree of equinus is of major importance. In most instances a position of 95 de-

grees (Fig. 4-B) for boys and 100 degrees for girls is the optimum position for a stiff ankle,

since at these angles walking is easy and the gait is nearly normal, provided mobility of the

anterior tarsal and metatarsal joints is preserved. Fusion at a right angle is not desirable,

since it produces an awkward calcaneal gait. Equinus in excess of 10 degrees is undesir-

able, because of the resultant undue strain on the tarsometatarsal region and because of

the difficulty of barefoot walking.

CASE REPORTS

Case 1. C. S., a white girl, was born on February 3, 1929. She liad poliomyelitis at the age of three

with resulting se^-ere paralysis of both lower extremities. Se^'eral surgical procedures had been necessary,

including bilateral astragalectomy at the age of eight years. At the age of tweh’e, the right foot showed
no evidence of muscle power. Mild cavus, moderate varus, and 10 degrees of equinus were present, with

pain on weight-bearing because of lateral instability. Since she wore no brace on this side, an operation

was advised for increased stabilization. Tibiotarsal fusion was performed at the age of tweh-e,—four

years after astragalectomy. Solid union was obtained; and at the last examination, five j’ears after the

surgical revision, the foot was in a position of 95 degrees. There was no cavus or pain; and the foot was
stable, although still in slight varus.

Case 2. V. W., a white girl, was born June 18, 1924. She had an attack of poliomyelitis at the age
of three years, with marked residual paralysis of botli lower extremities. At the age of fifteen j'car.«

having previouslj’- had an astragalectomy on the right, her foot was in moderate valgus and .«evere cavus
(Fig. 1-A). Revision was necessaiy for correction of the deformity; and a tibiotarsal arthrodesis was
attempted, but fusion failed. Two years later the foot was in equinus, marked calcaneus, and varus.

A second revision was done on September 4, 1941. Good correction was obtained and prompt fu-sion

resulted. When last examined, eight months after the last revision, the foot was at 9S degree.®;

stable, free from pain, and in veiy slight valgus (Fig. 1-B).

C.ASE 3. R. W., a white male, was born October 14, 192S. He suffered poliomyelitis at
seven years, with severe residual involvement of both lower extremities. Astragalectomy
on the right foot at the age of nine years. Fonv years afterward there was marked car
the fore part of the foot, and varus of the heel (Fig. 2-A). Tibiotarsal fusion of the n

VOL. 29, >:o. 2, APRIL in47
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Fig. 1-F

,

Fhotomicrograph (x 5S) of s3*noviaI membrane of the Jiip joint, showing thickening and pro-
Meration, engoiged blood vessels, heavy lufiltiation with chronic inflammatorj’- cells, and fibrin

deposits.

Dain, but the hmitation of motion, which was due to the lypertrophic changes in the joint, is stil

present (Fig. 1-C).

Sections of the bone chips removed from tlie femoral neck showed, in addition to the regional

sclerosis, a small central lesion which contained, in a background of vascular fibious tissue, masses oi

relativel}' acellular pink-staining material which had the appearance of osteoid tissue. This tissue was

irregularl3' calcified both at the center and also at the peripheiy of the lesion. Giant cells were present,

but were not numerous (Fig. 1-D). Section of the articular cartilage fiom the lower margin of the head

showed the extent of the degenerative changes (Fig. 1-E), while Figuie 1-F showed the pioliferation and

intense chronic inflammation of the sjmovial membrane.

Case 2. E. G. This boy of thirteen jmars was first seen in August 1945, complaining of pain in his left

elbow, which had begun three months before. This pain was intermittent and lasted onty a few seconds

It was aggravated bj' activit5’ and relieved b3’' heat. Swelling, which had been present since the onset,

increased and motion gradually became restiicted. There was no histor3’' of trauma, but the patient ha

recentl3’’ recovered from a piolonged illness with scarlet fever.

Plysical examination rev^ealed moderate swelling of the left elbow joint, which was distended wi

fluid. The joint was not hot, nor was there specific tenderness. Flexion and extension were both hnn e

by about 20 degrees and 003”^ attempt to increase this range caused generalized pain. There was

atrophy, and the neurological examination was normal. Laboratoiy examinations were normal excep

a persistent^’' elevated sedimentation rate (25-38 millimeters per hour) . Chest roentgenograms

no abnormalities, and there was no fever. The skin tuberculin test was twice negative. Fluid, aspn

from the joint on several different occasions, contained no organisms; there was no growth on cu

and tuberculosis was not produced in a guinea pig.

Roentgenograms of the elbow revealed a slight thickening of the lower end of the humerus ^

irregularit3’ of the ossification center of the trochlea (Fig. 2-A) . The arm was immobilized map

dressing, and the child was followed in the Out-Patient Department. .

For the next five months the patient was without any appreciable change in s3'mptoms, n d

roentgenographic appearance. However, in Februaiy 1946, nine months after the first
tlie

roentgenogram showed a distinct lesion in the olecranon fossa (Fig. 2-B), Tins
''““‘I

entire fossa and had a center of mottled, increased densit3x The lower end of tie

markedly tliickened by reactive bone formation and had lost its usual contour.
eedimentatioD

Laboratory studies and examination of the joint fluid were unchanged except that

THE JOUKHAL OF BONE AXD JOINT S
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followed b}'- left aslragalcctomy four months later. At the age of fourteen he returned with the right

foot in vauis, adduction of the fore part of the foot, calcaneus, and cavus. The ankle was unstable; he

wore a brace on the light and used crutches. Tibiotarsal arthrodesis was done on the right on June 18,

1942. Good correction was accomplished, and prompt union followed. The patient was able to discard

the brace, although he continued to use crutches. At last examination, three years after the revision, the

right foot was neutral laterally, in a position of 100 degrees, stable and free from pain. Although the

muscle power at the right knee was zero, he was able to get along with the help of crutches, but without

the use of a brace.
*

-
j

C.\SE 7. E. K., a white male, was born December 27, 1912. He had poliomjmlitis at the age of four

j'ears with residual paralysis, confined to the left lower extremity. He wore a brace for support until he

had an astragalcctomy at the age of fifteen j’cars, after which he was able to discard the brace. Over the

passing 5'ears, however, the foot gradually assumed a position of deformity and pain developed, espe-

Fig. 2-A
Case 3, R. W. Roentgenogram of right foot, four years after astragalectomy.

von. 29. N*0 . 2- ^V,r rv
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Fig. 2-B
Same foot, twelve weeks after tibiotarsal fusion.
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Healing of the wound was prompt, and there was no pain after the first postoperative clay. The
range of motion increased gradual^', and four months after the operation it was complete.

Sections showed a very actir-e lesion. There was a large amount of fibrous tissue in which were

found many osteoblasts and osteoclasts and also giant cells of the foreign-bod3’^ type (Fig. 2-D). In the

fibrous tissue there was an irregular pattern of trabeculae which under higher magnification could be

seen to be composed largelj^ of osteoid tissue. The degree to which the osteoid tissue was calcified varied

greatly' from place to place (Fig. 2-E). Section of the synovial membrane showed, as in the previous ease,

Fig. 2'D
.

'

Low-power photomicrograph (X 55) fows the veiy active vascular fibrous stroma m w «

are tobeculae of irregularly calcified osteoid tissue.

THE JOURNAIi OF BOHE AMD J
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ciallj’ wlieii tlie patient walked up a hill or climbed stairs. At the age of thirty-three j^ears, eighteen yeais

after astragalcctomy, the fore part of the loft foot was in severe eciuinus of nearly 180 dcgioes (Fig. 3-A).

The plantar fascia was tight and contracted; there weic cavus and calcaneus. A special shoe had been

necessary for years. Tibiotaisal arthrodc.sis was performed on Alarch 21, 1946. Excellent coirection and

alignment wore obtained and prompt fusion resulted. Twelve weeks after the operation (Fig. 3-B), the

patient was supplied with a regular shoe, given a three-foiirths-inch lift to the heel, and weight-bearing

was permitted. The foot is now well corrected, stable, and free from pain. No special shoe is needed.

Casg S. J. G., a white male, was born February 27, 1930. He had poliomyelitis at the age of two

years with permanent lesidual inr’olvement of both lower extremities, particularly the right. Astragalec-

tomy was performed on the right at the age of seven j'ears. Further reconstiuctive suigeiy was per-

formed later upon the right lower extremity, above the foot. At the age of sixteen years, the foot was

stable laterally, but the heel did not touch the floor and the patient walked with drop-foot gait (Fig.

4-A). Tibiotarsal arthrodesis was done on A'larch 21, 1946. Good alignment was obtained, and prompt

fusion resulted with the foot at 95 degrees. Twelve weeks after the operation, roentgenograms showed

that fusion was present (Fig. 4-lB). The patient was therefore supplied with a regular shoe, and weight-

bearing was permitted.

Fig. 4-A

Case 8, J. G. Eoentgenogram of right foot, nine j'ears after astragalectomj'.

Fig. 4-B
Same foot, twelve weeks after tibiotarsal fusion.

VOL. 29, MO. 2, .rraiL 1947
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DISCUSSION

Many skeletal lesions produce pain in distant joints which are themselves free of

disease. Thus it is common to see a child with hip disease whose chief complaint is pain in

the knee. No matter how long the exciting focus exists, and with it the symptom of "re-

ferred pain”, the knee joint remains normal. Treatment of the disorder in the hip results

in disappearance of the pain in the knee, and there are no residual effects in the latter joint.

Joints are also seen which are the site of actual inflammatory changes induced by

nearby bone lesions which do not directly involve the joint. Occasionally, a focus of infec-'

tion in the metaph5^sis of a long bone will excite a secondary reaction in the adjacent joint,

which will become swollen, tender, and filled with fluid. If the joint is inspected, the

synovial membrane is seen to be thickened and injected. The joint fluid is increased and

may contain fibrin flecks. Though it commonly exhibits more than the usual number of

cells, it is sterile. Removal of the bone focus will cause the joint symptoms to subside

without specific therapy.

A similar reaction is known to arise in response to non-infectious bone lesions, such as

the localized fibrous defects which occur in the metaphj'-sis®.

Apparent^, the joint manifestations of the two cases here reported are of the same

nature and represent a secondary reaction to nearby osteoid osteoma. That the inflam-

matory changes, if they persist long enough, can themselves cause subsequent degeneration

of the joint surfaces, is well illustrated by the first case. That these changes subside

spontaneously, after removal of the osteoid osteoma, is shown by the second case.

These eases constitute further evidence in support of Jaffe’s contention that osteoid

osteoma is not an infectious lesion. Although both patients had suJEcient joint symptoms

and findings to lead to a suspicion of pi'imary arthritis, neither one had any systemic

findings compatible with an infectious pi'ocess, nor did chemotherap}^ influence the course.

’I both, the joint fluid and tissue from the bone lesions were sterile on culture and did not

i
iduce lesions in the guinea pig. In both, the sections of the synovial membrane sho’^’ed

onlj’- non-specific inflammatory changes. Finally, in both patients the acute joint symp-

toms subsided promptly following excision of the osteoid osteoma and have not returned.

If removal of the bone lesion is delayed, and the inflammation of the joint persists for

a long time, permanent damage to the articular structures may supervene.
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OSTEOID OSTEOMA ASSOCIATED WITH CHANGES IN ADJACENT JOINT

Report Of Two Cases

BY MARY S. SHERMAN, M.D., CHICAGO, ILLINOIS

From the University of Chicago, Department of Surgery

In 1935 Jaffe first recognized the clinical and pathological entity which he named

osteoid osteoma. Since that time, it has become obvious that the condition is by no means

a rarity, and case reports have appeared with increasing frequency^-^-'^.

The general characteristics of this lesion, which several times have been presented in

detail, are now well known'*-''-®. Although it may be seen at any age, it is most common in

patients between ten and thirty years old. It has been noted in all parts of the skeleton ex-

cept the ribs and the skull, but its favorite sites are the long bones of the lower extremity.

The chief clinical complaint is of pain, wliicb at its onset may be fleeting, but wbicb

gi-adually becomes constant and severe. It is usually worse with exercise, is most acute at

night, and often prevents sleep or awakens the patient. If the lesion is superficial, there

may be moderate swelling, but no signs of inflammation appear. There is acute point

tenderness at the exact site of the lesion, and the ability to localize the trouble accurately

is characteristic even in very young patients. There are no systemic symptoms or signs,

and the appearance of fever or leukocytosis should cast doubt upon the diagnosis. The

roentgenograms show distinctive changes when the lesion is fully developed, but it may
be normal in the early stages of its evolution. The main portion of the eccentric lesion is

radiolucent. The periphery is marked by a ring of dense bone, and the center may also be

dense. The regional bone about the osteoid osteoma always becomes hypertrophied. In

cancellous bone, the surrounding sclerosis is never so marked as that seen when the lesion

is at or near the cortex, where the hypertrophy may be enough to obscure the nidus.

The lesions do not grow appreciably even over a period of years, but they tend to

become increasingly painful and disabling. They respond dramatically to surgical removal,

and show no tendency to spread or to recur.

The pathological picture is also unmistakable. There is always a background of very

vascular fibrous tissue in which giant cells, osteoblasts, and osteoclasts are scattered. In

this stroma there arises an irregular Paget-like pattern of trabeculae, which are in large

part composed of osteoid tissue. Slowly and irregularly the osteoid tissue calcifies to

become bone which is mixed with the osteoid tissue.

Occasionally, a lesion which is situated near a joint will produce changes in that joint

which may be severe enough to result in hypertrophic arthritis. In osteoid osteoma of the

spine, these changes nearly always appear in the small joints, and several such cases are

being reported elsewhere. Among the thirty-three cases diagnosed at the University of

Chicago clinics are two in which marked changes occurred in major joints. These two
cases form the basis of this report.

Case 1. J. M., a sixteen-year-old girl, was first seen in December 1944, because of pain in the right

hip, which had begun two years before. At first the pain was intermittent and was noted when she arose

after sitting for long periods. Six months later, she began to limp, and the pain graduall3- became more
severe. For a j-ear before her admission, there was an almost continuous dull ache about the hip whicli

radiated to the lower part of the back on the right side and also, occasionally, down the inner aspect of

the right thigh. The patient was frequentlj-- awakened at night bj' pain. There was no history of

sj-stemic disease or of trauma. A loss of twentj-’-five pounds during the preceding j-ear was ascribed to
her difficult domestic arrangements, which had led to actual malnutrition.

The physical examination disclosed no abnormalities except of the right lower extremity. There
was no atrophj-, but the patient walked with a limp. All movements of the right hip were limited, and
anj' attempt to produce a full range of motion caused pain. There was tenderness to deep palpation at

*This work was supporfp-^ L--’ t'-- vi rutirlrte' r»
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56 millimeters. The pulse rate was 96 per minute, with occasional premature sj-stoles. The heart was not
appreciabb' enlarged, the apex beat being palpable nine centimeters to the left of the sternum in the

fifth interspace. A non-transmitted s3'stolic murmur was noted in the aortic and mitral areas. The
genitalia showed senile changes. There was an ecclij^motic area over the right supra-orbital ndge,-a
result of the fall. A marked kyphosis of the upper thoracic spine was noted, which had not been present
six years previously. Tenderness was elicited on pressure over the ischial spines and tuberosities, and
also over the superior ramus of the right pubis. Active flexion of the right hip was absent, due to pain;

and passi\-e motion caused the patient to complain of pain.

JRoentgenographic Findings

A roentgenogram of the pelvis showed no fracture, but disclosed the marked osteoporosis for the

first time and led to examination of the other bones.

Great rarefaction of both tibiae and humeri was
present, with numeious pseudocystic areas, together

with' thinning of the cortex and lacunae-hke erosion

of the endosteal surface of the cortex (Figs. 1-A,

Fig. 1-A
Fig. 1-B

Roentgenograms taken one month before patient’s death, showing
erosions oHl'®

all dieS with cystlike areas of rarefaction thmugliout.

endosteal surface of the cortices of the femoral 1-0. a I b
roentgenograpl'"^

diere being no normal-appearing bone between any of the cjstic aieas.

changes simulate those of hyperparathj-roidism. .cnor.av
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Fig. 1-D

Photomicrograph (X 96) of the edge of the lesion shows iiregularl}' calcified osteoid tissue a

vascular fibrous stroma b
;
and normal regional bone c.

s

Fig. 1-E

1

P''ofo™iciogvaph (X 112) showing marked degeneration of the articular caitilage of the femoral
head. The oblique split is an artifact.
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pitted surfaces. Their cut surfaces sh'nwpH

unusually small and soft, with finely granular,

recognizable grossty. The renal dpIvps -

substance, with practically no cortical tissue

in that discrete, globular thin wTlInrl
°o dilated, but the ureters presented remarkable changes

of each. The cystic structure/av™ T'f three-fourths of the mucosal surfaces

completelj’-, liberating a small quantitv nf'Vl”
^o millmeters in diameter, and when pricked, collapsed

the usual gra}^, veh-ety appearance TIip p T
hning of the ureters between the cysts had

several sides. Despite this thp tu-pi"

yss veie clustered, so that each one touched another on

extremely contracted. Se ait yTZ <'«• Wg. 2). The g.I] bladder »s

tered throughout the pulp. The Hvpr e-.. I

^ ^
**o

numerous ii regular, gritty, yellowish masses seal-

under the capsule A sino-le enipifi gi i

'"own and shrunken, and contained several firm nodules just

noted about the viscera.
appearance of senile atrophy. N’othing else unusual wa:

muclfbsT'S trab^cukr^Tftr^*'
section, showed e.xtreme thinning of the cortex with

fat was nresent Ther
^ ™ and many cystic dilations in the medullary portion. Little marrow or

bodies of the fifth nn^d piVbt^
.'JThosis in the upper thoracic spine, wdth complete collapse of the

wr^norLid 1^
eighth thoracic vertebrae. The centra of all the thoracic and lumbar vertebrae

e e nan owed and extiemely fragile. The spine between the fourth and twelfth thoracic vertebrae was
emoved in one piece for further examination. The photograph of the sawed specimen (Fig. 3) sho«s
the great narrowing of two of the vertebral bodies. The bodies of nearly all the vertebrae consisted of

thin shells of cortical bone, their central portions being almost completely replaced by a soft, mushy,
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rate was now normal. The elbow, restricted in motion to about GO degrees of flexion and extension, was

markedly swollen and warm. Theie was generalized pain on motion and exquisite tenderness over the

head of the radius.

A course of tieatmcnt with penicillin and one with the sulfonamides made no diffeicnce in the symp-

toms or findings. Therefoie, with a piovisional diagnosis of osteochondritis dissecans or osteoid osteoma,

the elbow was exploied thiough a posteiior incision®. The site of the olecranon fossa was completely

occupied by a puiplish ciibrifoim bone, which was shaiply delimited fiom the rest of the humerus. This

bone was completely icmoved. Biopsy sections weie taken fiom the sjmovial membrane, which was

injected and thickened. Inspection of the joint suifaces revealed nothing otherwise abnoimal, so the

wound was closed. Figure 2-C shows the findings of the roentgenograms after operation.

Fig. 2-A
Case 2. Initial roentgenogram. Note the shadow of periosteal new bone about the lower humerus

and irregularity of the ossification center of the trochlea but no pathognomonic changes.

Fig. 2-B
Seven months later there is an obvious lesion in the olecranon fossa. Tlie area is radiolucent

oHlie humerus'^^^*^'^'^

which is irregularly dense. There is gross thickening of the entire lower end
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* *,v
* \ V.

iniIlL? qrpf/fn^l^
^n of femur. (j5) Longitudinal section of tlie fresli specimen, prov-

ing that tlie laiefied aieas in the roentgenogram actualb^ were filled with tissue, there being no true cyd-
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piohfciation, clilalatioii of blood vessels, intense infiltialion \\ith small lound cells, and fibiin deposition

on the suiface (Fig. 2-F).

Fig 2-E

High-power photomicrograph (X 180) shows libious stioma with many osteoblasts and osteoclasts,

and paitially calcified masses of osteoid.
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mentioned briefly. Bergstrand noted lacunar resorption and slight osteitis fibrosa in patients

dying of chronic glomerulonephritis. Bollis and Jackson found evidence of microscopic

bone changes, which they considered as both osteitis fibrosa and as osteomalacia, in about

half of a series of routine autopsies in cases of renal insufficiency. Ginzler and Jaffe found

evidence of osteitis fibrosa of varying degrees in instances of chronic renal insufficiency,

and indicated that, if the lesions were to be found at all, they were present in the trabeculae

of the vertebral bodies. While the final pathological result- of hyperparathyroidism as

regards bone has been well described^'* and is well known, the less advanced stages, such as

those described by Bergstrand, apparently are less generally recognized. The primary

features of osteitis fibrosa, as described by Jaffe and his associates^~’^^ from clinical and

experimental material, consist of generalized resorption of bone and enlargement of the

canals of blood vessels; numerous Howship’s lacunae and osteoclasts on the surfaces of the

ti’abeculae, under the endosteum and periosteum, and on the walls of the canals of the blood

Fig. 5-A



RENAL OSTEITIS FIBROSA SUPERIMPOSED ON SENILE OSTEOPOROSIS

Report of a Case Without Parathyroid Hy'perplasia and With Ureteritis Cystica

^ BY' GEORGE W. COTTRELL, M.D., PORTLAND, OREGON

From the Department oj Pathology and Division oj Orthopaedic Surgery,

University oj Oregon Medical School, Portland

It is now well known that extensive bone changes may occur in children with chronic

renal insufficiency. That a syndrome comparable to renal rickets occurs in adults has been

recognized less frequently, although an increasing number of cases have been reported

since Albright, Drake, and Sulkowitch called attention to the condition in 1937. The ad-

vanced cases in adults remain a rarity, even though it has been shown that microscopic

bone changes commonly are associated with renal insufficiency^-^^’^'*. Parathyroid hyper-

plasia has been found in nearly every case in which the parathyroid glands were examined,

both in children and adults. Even in the absence of osseous changes, parathyroid hyper-

plasia has been demonstrated in many cases of chronic renal insufficiency
;
and apparently

it has also been induced by experimental renal insufficiency^®-^®’-^ and in other ways. In-

deed, the most widely accepted name for the syndrome is “renal hyperparathyroidism”.

Only a few instances haY’’e been reported in which the parathyroids were described as not

being enlarged. No case report has been found in Yvhich the condition occurred in senility;

in fact, the number of patients OY'-er thirty years of age is limited. The oldest examples

previously recorded are a patient of Brown and Ginsburg’s, aged fifty-five, and Gutman,

Swenson, and Parson’s fourth case, a woman of sixty. The latter case has certain similari-

ties to the one to be presented.

The purpose of this paper is to describe a senile patient with renal insufficiency and

roentgenographic findings suggestive of hyperparathyroidism, but with different findings

at autopsy.

CASE REPORT
History

Mrs. E. M., a white woman, sevent3'-five j^ears old, first came under observation in September 1939,

when she appeared at the Out-Patient Clinic, complaining of general fatigability which had come on
gradually over the preceding two years. Her only other complaints were of slight incontinence of urine

at times, and occasional nausea, caused bj^ stooping or a sudden change of position. She was moderately
obese

; her systolic blood pressure was 198 millimeters of mercurj^ diastolic 94 millimeters. A mild degree

of scoliosis of the thoracic spine was noted, but otherwise the osseous system attracted no attention at

the time. The heart was not enlarged, and onlj"^ the right radial arterj^ felt sclerotic. Urinal3’’sis disclosed

the presence of albumin (one plus), pus (one plus), and bacteria (one plus) in the centrifuged sediment.

The sedimentation rate of the er3rthrocytes (modified Westergren method) was 4 millimeters in fifteen

minutes and 30 millimeters in fort3’^-fi^"e minutes (normals are 0 to 5 millimeters in fifteen minutes and
0 to 30 millimeters in fort3'-five minutes). The basal metabolic rate was reported as minus 5 per cent.

The patient’s condition was followed for about ten months, during which period there was little change.
In June 1940, she complained of the sudden onset of pain over the radial surface of the left wrist, for

which she received local treatment, but roentgenograms were not made.
She was not seen again until December 10, 1945, at which time she was admitted to the hospital

because of pain in the right hip, resulting from a fall sustained four da3'^s before in her bedroom. She
stated that she had felt pretty well from the time she was last seen (June 1940) until 1942, when pain
began in the lower thoracic vertebrae and in the index and middle fingers of the right hand, radiating
upward along the radius to a point about eight centimeters above the wrist. This pain had persisted in
spite of treatment. In June 1945, she began having d3'spnoea, and in November there was an episode of
nausea and vomiting which lasted fifteen da3's. The hip became gradualb^ worse from the time of her
fall on December 6 until admission four da3-s later, and pain in the other bones of the lower extremities
was present as well.

Physical Examination

Ph3-sical examination at this time showed a considerable degree of weight loss since
examination. The S3’stolic blood pressure was 94 millimeters of mercur3', and the diastol'
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Fig. 1-C

1-B, and 1-C). There was extreme rarefaction of the spine, with evidence of collapse of several of the

vertebral bodies. The skull displayed several discrete rounded areas of rarefaction. Together, these

findings were considered characteristic of the bone changes of hyperparath3U'oidism.

Laboratory Data

The urine gave a positive test for albumin (one plus), and contained pus (one plus) and bacteria.

The specific gravitj' was consistently low,—aiound 1.007. Subsequent examinations 5'ielded’ essentiallj''

similar results, but with more pus cells on several occasions. A strain of Eschciichia coli was isolated on

one culture. The red-blood-cell count was 3,500,000 per cubic millimeter, and the hemoglobin was 10.0

grams per 100 cubic centimeters. The white-blood-cell count wasT0,500 per cubic millimeter on admis-

sion, climbing to 25,200 on the day before death. A relatively high percentage of staff cells were noted,

but otherwise the blood smears showed nothing unusual. The erythrocyte sedimentation rate-was two

millimeters in fifteen minutes and seventeen millimeters in fortj'-five minutes at the time of- admission ;

it was considerablj" higher later, amounting to fortj'-one millimeters in the first’ fifteen ihinutes on

December 22. The serological tests Tor s.vphilis were consistentlj’^ negative. A sternal-marrow cell count

and differential smear on December 28 were not significantlj’’ deviated from normal. The inorganic-

phosphorus level in the fasting scium was 10.4 milligrams per 100 cubic centimeters on December 18,

and the soium calcium was 9.4 milligiaras pel 100 cubic centimeters. On the daj’ before death the value

for phosphorus was 10 4 milligiams and that for calcium was 7.4 milligrams per 100 cubic centimeters.

The urea nitrogen was 152 milligrams per 100 cubic ccntimeteis of whole blood on admission, and re-

mained at about that level on three other examinations. The alkali reserve was fortj’ on December 26,

declined to thirtj’^-six two daj's later, and was thivtj'-one on the daj^ prior to death, indicating pci distent

acidosis.

The patient’s condition was poor at all times. She continued to complain of pain in her bones. The
couisc was lapidlj’ downward, with death from uraemia on Januar3' 1, 1946.

Autopsy Findings

The bodj' was emaciated. The ribs were soft enough to bo cut readily with a knife. The heart
appeared to bo little ciilaiged, and weighed 250 grams. The ring of the mitral valve wa^ calcified, but the
valve it-^elf was competent. The coronarv aileries wore modeiatoh' sclerotic. The aorta .showed a mod-
erate degree of atheiosclorosis with calcification of man.v of the plaques, but the condition w.as not
inconsistent with the subject’s age. The lungs were bound down bv fibroii.s adhesions. P.nf fliv nrpnc: nf
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which tlie paratliyroids were identified, the presence of parathyroid hyperplasia, usualli

recognized easily on gross examination, has been gtressed. A fairly extensive search of tlii

literature has failed to reveal other cases of renal osteodystrophy in which all the para

thjToids were identified and found not enlarged. The present case is exceptional in thii

respect, but it must be admitted that the degree of skeletal involvement secondary to thi

reiral disease is problematic; and perhaps, had the patient lived longer with renal in-

sufficiency, parathyroid h3qDerplasia might have become manifest.

Ureters

Although ureteritis cystica of the extent found in this case is not frequently seen, lesser

degrees are evidentlj’- more common than is generallj’- realized. Morse found sLxty cases,

and studied 125 routine autopsj’’ specimens, in 86 per cent, of which he found microscopic

evidence of epithelial-cell nests and ej’^sts in the urinary tract. He offered evidence of an

inflammatory origin for the ej’^sts, and demonstrated stages in their development from the

epithelial-cell nests of von Brunn to the thin-walled, macroscopic cj’-sts. Kindall, Toulson,

Bothe and Cristol, arrd others have since added confirrrratory evidence to this theory of

pathogerresis, and it now seems well established that ureteritis cystica is a pathological

entity related to chronic inflammation.
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granular tissue which could casilj' be scooped out. The I'csidual cancellous bone of the centra was scanty,

and the trabeculae were extraordinarily delicate. The upper fourth of the left femur was removed. The

shaft offered much less than normal resistance to cutting, because of thinning of the cortex, but was still

hard enough to require the use of a chisel. The sawed specimen is shown in Figure 4. No true cysts were

present, but several areas in the neck and proximal portion of the shaft were soft, and cancellous bone

was replaced by a spongjq red, somewhat granular mass of tissue which could be scooped out ;
this left

an irregular depression in the bone where trabeculae were missing, just as in the vertebrae. These were

the areas which appeared cj'stic in the roentgenogram. The cortex was thin, with numerous ovoid ero-

sions on the endosteal surface, corresponding to the rounded radiolucent areas noted in the roentgeno-

gram. The extreme atrophy of cortical bone is especially apparent when a cross section of the femur

from this case is compared with one from the same level in another patient of the same age whose bones

were not rarefied (Fig. 4, D). The trabecular pattern of the head of the femur showed little change, ex-

cept for atroph5
' of the trabeculae, in the interstices of which fatty marrow could be seen. The macerated

specimen exhibited a hollow area in the neck of the femur and another in the subtrochanteric region,

—

areas in which soft tissue had completely replaced the cancellous bone. The cortex adjacent to these

areas was paper thin. The calvarium was thin, but fairly well calcified. The rarefied areas noted in the

roentgenogram were visible on the undersurface as thin, bluish, slightly elevated, round areas. A thin

layer of bone covered them, and they contained some of the soft, pulpy tissue, similar to that in the

vertebrae and femur, which replaced the bone. Nothing unusual was noted about the brain, pineal

gland, or pituitarjn The base of the skull appeared well calcified.

The thyroid gland was small and somewhat nodular. The parathyroid glands were not identified

with certainty on the gross specimen. A single nodule, 1.5 centimeters in length, was found embedded
on the posterior portion of the thyroid, in the capsule; but this proved to be thyroid tissue. A number
of small, brownish, oval masses, none of which was over 0.5 centimeter in length, were found in the

regions where the parath3n'oids should be situated; all of these were saved for microscopic examination.

In addition, the entire posterior and lateral surfaces of the thyroid, including the capsule and a thin

layer of thyroid tissue, were sliced off and embedded. The entire thyroid gland was then sectioned at

three-millimeter intervals. There was little fat on the neck organs, and it was felt that all tissue which

could even remotelj' be considered parathyroid was saved for study. Out of all this, four distinct

parathyroid glands were identified.

Histological Examination oj Parathyroid Glands (Figs. 5-A, 5-B, 5-C, and 5-D)

Multiple sections were made of each of the four glands identified, and the largest one was serially

sectioned. The largest portion of each of the glands was measured in the paraffin blocks, as follows:

The first was 8.5 by 3.5 millimeters (serial sections proved this gland to be less than 0.3 millimeter in

thickness)
; the others measured 3 by 3 by 3 millimeters, 5 by 2.5 millimeters, and 4.5 bj'’ 2 millimeters,

respectivelJ^ (The last two glands were not more than 1 millimeter in thickness.)

The glands did not have a uniform structure. Each contained a moderate amount of fat. The stroma
was thickened and hyalinized in all the glands, but to a much more marked degree in two of them. The
cells were arranged for the most part in anastomosing cords and in irregular sheets, with very little

tendency for pseudo-acinous formation. Chief cells predominated, a few sharply demarcated islands of

dark oxyphil cells being present, with a greater percentage of the oxyphil cells in the largest gland.

These islets were fairly large in some areas. One of the glands appeared completely atrophic, with
extreme hyalinization replacing much of the glandular substance; the few remaining cells were vacuo-
lated. The hyaline material was suggestive enough of amjdoid so that Congo red, crystal violet, and
van Gieson’s stains were applied, without evidence of amyloid being obtained. There was no evidence
of hyperplasia of any of the parathyroid glands, and this was further ruled out by attempting to apply
the criteria of Castleman and Mallory for parathyroid hyperplasia, with negative results.

Bones

Portions taken from several vertebrae, ribs, the head and the proximal shaft of the femur, and the
skull, were decalcified in formic acid, and stained with hematoxjdin and eosin. Although the findings

varied, the over-all picture was that of marked atrophj'^ with slight, but definite, osteitis fibrosa. Atrophj',
or senile osteoporosis, was manifested b3’^ extreme thinning of the cortical bone of the vertebral bodies,
ribs, and femur

;
narrowing and decrease in the number of the trabeculae ; and widening of the Haversian

canals without veiy much fibrous-tissue invasion. The extent of bone production appeared limited, but
osteoid seams were narrow, and that bone which was being laid down evidently was being calcified. In
the head of the femur, cortical bone was deficient in man3

’^ areas, trabeculae joining articular cartilage
directly. The plates of cortical bone of the vertebral centra were similar^' affected, so that it was
difficult in man3

' areas to find an3' zone of osseous tissue between the cartilage of the intervertebral discs
and the thin trabeculae of the spongiosa. Other changes, however, complicated this picture.

The ribs showed extensive subperiosteal erosions, so that their outer surfaces were serrated bv
irregular, somewhat lacunar, areas of resorption, which were filled b3' fibrous tissue of the periosteum
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In addition to adding to the reported incidence of renal rickets, the justification for

presenting this case might be considered as threefold: First, from the standpoint o'f his-

tory, physical examination, laboratory findings, and clinical course, the case presents a

consistently typical and gross picture of the disease entity in question. Second, strong

evidence is provided that, depending upon the exact location of the pathological condition

in the genito-urinary tract, therapy may prove quite efficacious. Third, it indicates the

necessitj^ for a complete urological investigation of every case of rickets at an early date,

in order that medical measures can be instituted to greater effect and unwise surgical

intervention be avoided.

The sjmdrome of- renal rickets is of comparatively recent recognition. A review of its

history reveals that the association of rickets with albuminuria was made by Lucas as late

as 1883, and it was not until 1911 that renal insufficiencj'’ was recognized as the occasional

cause of rickets by Fletcher and Par-sons. It r-emained for Barber, in 1921, to define the

condition.

For the etiolog}’’ of renal rickets and the explanation of the pathological phj’-siologj’

involved, we are indebted to INIitclrell, wlio, in 1930, provided us with the hypothesis which

has subsequent!}'’ been ver-ified scientifica]l5^ Briefly, this has consisted in the demonstra-

tion that, with diminished uriirar-}' excretion, tliei-e is a r-etention of phosphates; the phos-

phates thus retained ai-e excreted into the lumen of the intestine in an attempt on the part

of the body to make ph3’siological compensation, and in tire intestine they form insoluble

compounds with whatcA-er calcium has been ingested. This fact is substantiated by the

consistent!}'’ eleA'atcd calcium content of the faeces in such cases, and, incidentally, shows

the futility of the oral administration of calcium. Further, it explains the imariable

occurrence of a high serum phosphorus and a Ioav serum calcium in the laboratory

«amination^'^.

W Anything capable of producing a diminished urinai-y excretion, extending oA'er a

prolonged coui’se, during the groAvth pei-iod is capable of producing renal r-ickets. Thus the

possible sources of etiolog}^ are as A'ai-ied as the components of the renal system and the

many types of pathological changes to which each is heir. Some, such as congenital

anomalies involving the uretei-ocystic oi-ifices, ai-e remediable; others, such as chronic

glomerulonephritis, may be irreversible. A prognosis should not be giA’’en or the case

despaired of without a careful analysis and eA'’aluation of the entire renal system. Only

after such an inA-estigation aa'Os the outlook in the case to be described determined to be

hopeless^’^’~’®.

CASE REPORT

Clinical History

The patient was a white girl, fourteen years of age, with the chief complaint of a progressive, bi

lateral knock-knee deformitj' and weakness of only six months’ duration, for which she made applicidion

to the Orthopaedic Dispensaiy of the Illinois Research and Educational Hospital. Admission to the o-

pital followed, on September 9, 1943, in order to complete the investigation. A more detailed histoij

closed that, in addition to the obvious progressive fatigue and increasing genu valgum defoimip o

months’ duration, the patient had recently complained of a mild aching in the calf muscles an

knees; this was aggrarmted bj' walking distances of one block or more. The mother provided t le in oi

tion that the patient had had pjmlitis at the age of two with at least two or three e.xaceibations o

and fever during subsequent j-ears, but the local physician had said she had reco^'ered. Her geneia n

tion and body growth had obviously been poor for the past three or four years. The ^
®

j,j,cn

the child’s early diet had been adequate in all respects, particularly as regards cod-liver oi
.

l,„j’^been

was described and seemed sufficient. The mother stated further that the same quan i
‘

^

administered to the patient’s younger sister, who was now ten years old and
was con-

When the patient’s present S3'mptoms began, an orthopaedic surgeon in an adjac -

suited, and the patient was advised to make arrangements for
rendered. The

The seriousness of the condition had been minimized; and a good prognosis had bee

family had refused surgei^' at that time, however.
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I'k!. 'I (.canlinucd) _
• ' '

Nolc flic larmiac-likc cro.'-ions of flic ciidoslciil surfiiccs in flic rocnlgonogi’Am and gross sjjccimcn. (C)

Macerated hone, showing loss of frahecidai' in tin' cyslic ureas, cxircino Ihinning of the.corlex, and nn-

usual delicac.v of the trabecular jiatli'm. The inset. {D) .strikingly eoinparc.s a cross .section of half of the

shaft of the femur in the vase under discussion with a .section Ironi a corrcsiionding area, taken from an-

other woman of seventy-five, whose boiu's apjx'ared normal by roentgenogram.

(Fig. G). Similar rough, .s;iw-loolh-likc cdgc.s, varying in degree, were noted on the subperiosteal surfaces

of all bones examined. In some arca.s, mononuclear cells seemed to be producing the.se erosions, but this

finding was inconstant. Multinucleated cells were not found on the outer surfaces of the cortex. The

endosteal surfaces were similarly crodi'd in many jireas, smooth in others. Multinucleated cells were

found in some of these areas, which had the apiiearancc of typical Ilowship’s lacunae. Some of the

trabecidae of the spongiosa of the ribs, \-orlcl)i’ae, and femur .showed .such lacunar re.sorption as well, but

in only a few areas was it well marked. There was quantitatively little marrow fibrosis. Iii most areas,

the marrow was quite cellular,—even hyperplastic. The soft,- friable ti.«.«ue, which occupied the spaces

which appeared cystic in the roentgenograms of the skull and feimUj proved to be bone marrow with

loss fat than usual. (Some of this material was stained with Ehrlich’s trichrome .«tain to help differentiate

the cell types. All the usual marrow elements were present, with a tondenc3’ toward an erj'throblastic

reaction.) Definite osteitis fibrosa was noted in .several vertebral bodies, including a collaps’ed one. In

these areas, osteoclasts were numerous, l.ving in Howship’s lacunae; j’oung fibrous tissile replaced the

marrow locall.v, and extended into the bone in the areas of resorption; and spicules of new bone were

seen in this fibrous tis.«uo, surrounded b.v single laj’ers of osteoblasts (Fig. 7). Finallj', fibrous tissue from

the marrow penetrated the bases of some of the original trabeculae. In some instances, this appearance

was noted in the bone, but onl.v marrow cells with little fibrous tissue could be seen in the erosion. Such

areas were thought to represent the earliest stages of “dissecting bone resorption’’*'.

Kidneys

Few functioning glomeruli remained; the majoritj' of them were hyaiinized. There was much
interstitial fibrosis, in the form of thick bands of collagen, with numerous areas of Ij'niphocytic -infiltra-

tion throughout. The tubules showed evidence of degeneration of epithelium, to a large extent. Many
of the collecting tubules were filled with clumps of poh-morphonuclear leukocj-tes. Marked arterio-

sclerosis was present throughout. The pelvis was thickened, and pus was present in the lumen.

Ureters

The cj'sts were large and thin-walled, lormed of a thin layer of flat cells, and were filled with a

colloid material.

Bladder

The epithelium was thickened, and chronic ulcerative inflammatorj' changes were present. The
vessels of the submucosa were largel}- hj-alinized. Cj’stic epithelial nests were noted in, the submucosa
(yon Brunn inclusion cj-sts)

.

Other Organs

Large rounded areas of hj-alinization were noted in the spleen, which also showed - considerable

atrophj'. The cardiac muscle showed brown atrophy, with pronounced subintimal thickening of the

smaller arteries and arterioles. Advanced arteriosclerotic changes were noted in the vessels of the lungs,

together with patchj- acute bronchopneumonia and hj-peraemia. The liver showed mild chronic passive

congestion, slight biliaiy retention, and several areas of local necrosis with calcification. Tliere was
nodular adenomatous h5-perplasia of the th3U-oid, and several of the larger arteries showed calcification

of the media. Pareneh3-mal changes, consistent with the age of the subject, were evident in the remain-
ing organs, with an unusual degree of h3'alinization of the smaller arteries and arterioles. -

DISCUSSIOX

The first question that arose was whether the bone lesions in this case should be

designated as osteitis fibrosa, or whether the rarefaction was due entirely to senile osteo-

porosis and the renal findings were merely coincidental. On reviewing the literature of

renal osteodj^strophy, the following facts seemed important: The bone changes in renal

osteitis fibrosa in the adult are usually considered indistinguishable from those seen in

patients with osteitis fibrosa generalisata due. to primary hyperparathja-oidism-’^^. Even
in children, renal rickets is not really rickets histologicalty, but is often osteitis fibrosa®--“.

Cases ha3'e been reported in rvhich the bone changes were not designated osteitis fibrosa'’--"--®,

but in most of these cases the bones have not been studied thoroughly, or at least are only
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During the hospital course, which extended from September 9, 1943, until the patient’s death on
December 21, 1943, there was a progressively severe nitrogenous retention, as evidenced by blood-
chemistiy findings. On December 8. the non-protein nitrogen was 320 milligrams, urea nitrogen ISO
milligrams, uric acid 14 8 milligrams, and creatinine 16.6 milligrams per 100 cubic centimeters' of blood.
By this time a complete reversal of the calcium-phosphorus ratio had occurred, the serum-calcium level

being 4.5 milligrams and the phosphorus level 8.7 milligrams per 100 cubic centimeters of blood. Up to

Fio. 2-A

-’U

>

&
'Iff

Fig. 2-B
in the

area

Anteronosterior and lateral views of the knees, demonstrating fuzziness and irregularity m

of threpiphyseal plates, and indicating actirnty m the rachitic process.

the joukhal of boke axd
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Fia 5-C

Fig. 5-D

A higher-power photomicrograph (X 150) of the gland at the right of Fig. 5-A, showing the thick
strands of hyaline and the atrophic cells.

vessels
;
scarring of the bone marrow

;
and formation of some trabeculae of new bone in the

fibrous tissue. Osteoid tissue is not necessarily present. These represent the fundamental
changes. In any particular case they may be modified by a number of other factors, such
as the age and state of nutrition of the patient, the condition of the parathyroid glands, the
state of the renal function, the calcium balance, and even the rate of decalcification^®. The
interpretation of the osseous changes in any particular case must take such factors into
consideration. On the basis of accumulated evidence, it seems logical at present to assume
that, when there is erddence of chronic renal insufficiency in the absence of primary para-
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tile last, the total urinary output daity averaged about 2000 cubic centimeters, but this ivas of low
specific gravitj'’.

The patient’s clinical course was one of progressively increasing weakness. On November 30 s!ic

became confined to bed because of weakness and pain in the knees, and on that day had a rather severe

epistaxis which required nasal packs. On December 4 the patient experienced two convulsive seizures

with clonic contractures of all extremities, lasting only about one minute in each instance. Following

this, she complained of diplopia the remainder of the day. She felt somewhat better during the next

feiv days, but on December 11 complained of sudden precordial pain; d}'spnoea and apprehension were

apparent, but no cyanosis
;
she was orthopneic, and the next day a marked precordial friction rub could

be heard. However, by this time the patient was much more comfortable, and less orthopneic and

apprehensive. This improvement was probably on the basis of a resorption of pericardial effusion.

A subsequent electrocardiogram was consistent with uraemic pericarditis.

On December 14 a generalized follicular eruption appeared, consisting of pinhead-sized non-inflam-

matory papules, with horny spines projecting from the follicles. This was considered by the Department

of Dermatologj^ to be due to a vitamin-A deficienc3^ On December 16 gross evidence of cardiac failure

was pi-esent, with srvelling of the face and neck, jugular distention, and marked epigastric tenderness.

The liver was palpable 3.5 centimeters below the costal margin; an abdominal fluid wave could be

elicited. Rales were noted over the bases of the lungs; cardiac enlargement, both to the right and left, rras

demonstrable; and death was apparently on the basis of cardiac failure, occurring during the terminal

uraemia.

At autops}" the essential renal findings were those of a congenital hj^poplasia of the right kidney

with stricture of the ureter, and a A’eiy marked chronic py'elonephritis on the left with gross destruction

of the parenchj’ma. The parathyu'oids were hj'perplastic.

Therapy in this case was of a supportive nature only, as the renal status and its

absolute irreversibility were appreciated early in the hospital course. Oral administration

of calcium has long been known to be futile, as absorption from the intestinal tract fails

to occur; parenteral calcium has yielded as little therapeutic result and has actually been

considered contra-indicated, because of the vicarious calcification of tissues which has

leen observed. Only if some correctable source of the nitrogenous retention, such as an

ancomplicated ureteral stricture, had been discovered, could therapy have had a curative

effect.
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thyroid dipordor, liistolop;i(’Rl signs of osloitis fihrosn, liowcver slight, arc attrilmtablc to

the kidney disease. In this ease, tlic primary features of osteitis fibrosa are found, but

they are of limited extent; and it is diflieult to attribute the advanced state of rarefaction

of the skeleton to this finding alone. There is insufiieicnt connective tissue in the Haversian

canals and about the bone trabee\dae. Osteoclastic resorption is not extensive enough.

There is too little new-bonc formation, and marrow fiI)rosis is almost non-existent.

In senile osteoiiorosis, the pure lesion has been described by .laffc as a chronic fatty

atrophy of bone, with thinning of trabeculae and cortex, widened vascular canals, negligible

lacunar resorption, and a smooth iieriosteal surface of the cortex. Osteoid borders are not

demonstrable. Fibrous transformation of the marrow may occur in areas in which there

has been collajisc of the spongy bone, such as the weakened vertebral bodies. Rarely,

advanced cases of senile osteoporosis have been reported in which dccalcification was so

marked that the roentgcnographic examination was suggestive of hyperparathyroidism^^.

Such changes characterize this case, and, in all probability, senile osteoporosis is the pre-

dominant feature here. The findings of lacunar resorption, however, together with the

serrated periosteal surface of the cortex and the definite osteoid borders of the trabeculae

of the spongiosa, are evidence that something more than senile atrophy is present. The

periosteal surfaces of the bones in the cases of severe senile atrophy reported by Poinmer

and by Gerth are smooth. Furthermore, in the present case, small areas of fibrosis were

found not only in the collapsed vertebral bodies, but also in others, as well as in areas of

the ribs and in the femoral diaphysis. Without entering into a discussion of the various

theories as to the mechanism of dccalcification in renal osteodystrophy, the features of this

case suggest that, in a senile individual in whom there is atrophy of most of the tissues,

the addition of another factor favoring decalcification must be reflected in the bones to a

much greater extent than would be the case in a person whose skeleton was more normally

calcified.

Parathyroids

In nearly all cases of renal osteitis fibrosa previously reported, hyperplasia of the

parathyroids has been a prominent feature. It would seem to be established from numerous
clinical and experimental studies^^--® that chronic renal insufficiency initiates a secondary

or compensatory hyperplasia of the parathyroids, the exact mechanism of which still is

subject to speculation. The subject has been well covered in a number of comparatively
recent articles^’^>^®>^^>^-'^^

;
it would be superfluous to add further speculation on the basis of

this case alone. Both chronic acidosis and hyperphosphataemia were present, without
evidence of parathyroid hyperplasia. Perhaps the duration of severe renal insufficiency

was too short for the hyperplasia to become evident. It might be argued that the larger

gland in this case represented, in consideration of the atrophy of the other organs, a mild
degree of hyperplasia. With this in mind, it was serially sectioned, but could not be made
to conform to published criteria for parathyroid hyperplasia^^--®. In Kurokawa’s study
of 815 parathyroid glands from 240 necropsy cases, numerous glands of approximately this

size are reported as being found in widely differing conditions, and considered to be within
the range of normal variation. In view of the undoubted atrophy of one of the glands in

this case, and the hyalinization of the stroma of another, it is interesting that neither
Kurokawa nor Castleman and Mallory found evidence of atrophy of the parathyroid
glands in patients of advanced age.

A few cases of renal failure associated with skeletal changes have been reported, in
which there was no parathyroid hyperplasia. Platt reported briefly a case of renal dwarf-
ism in an eighteen-year-old boy in whom “thei-e was no enlargement of the parathyroids”.
Bergstrand mentioned the case of a nephritic scventeen-year-old jmuth with lacunar
resorption and early osteitis fibrosa, in whom there was no parathyroid enlargement. In
Brown and Ginsburg’s case, paratlTOcQefeinptafllSfSfe'T^.^ifet^l otjier case reports in
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genographic examination “because of apparent shortness of the left lower extremity’
Roentgenographic study showed multiple small bon}'- bodies, scattered about the region o
all the joints examined. Geyman felt that these findings were indicative of a form o
chondrodystrophy. The roentgenographic findings differed from ours in that many of tin

epiphj^ses appeared ragged. In our cases, the opacities were within the cartilage and no
scattered about the region of the joint.

Lightwobd, in the same year, reported stippled epiphyses in' an eleven-montli-olc

child. This child had double congenital cataract, a finding seen in other reported cases

The patient died of acute miliary tuberculosis, a few days after admission.

Bateman, in 1936, reported two cases of what he termed “punctate epiphyseal dys-

plasia”. His first patient had congenital cataracts.

Bloxsom and Johnston, in 1938, reported a case of “calcinosis universalis”. Tlieii

patient had skin immlvement at birth, consisting of various sizes of creamy-colored lioraj

plaques. The 'patient’s left leg was -short, and was held in a flexed position. Roentgeno-

grams showed multiple calcified areas throughout the cartilaginous portions of the long

bones, and in the regions of the carpi and tarsi. - Because the child was making a spon-

taneous recovery, and because of high blood calcium three days after birth, Bloxsom and

Johnston concluded that there had been a disturbance in the calcium metabolism of the

mother or in the placentfij which caused abnormal deposition of calcium in the infant’s body.

In 1939, Maitland described two cases, both of which had double congenital cataracts.

The father of the children had a congenital absence, or presence in rudimentary form only,

of the phalanges of the hands and feet. Maitland’s conclusions were: “The condition

'ould seem, therefore, to be a direct hereditaiy transmission through the line of the male

arent to the younger daughters”.

Raap, in 1943, was the first to give a comprehensive summary of previous cases. He

resented an investigation of four cases, with a report of a postmortem examination in one

istance. His microscopic examination showed “an increase of fibrous tissue of periosteal

haracter. Directly under -this periosteum a formation of cartilage is noted. The deeper

ells are acquiring a cartilaginous character. The deepest layers of cells form osteoid

tissue, which is partly calcified. There is no evidence of malignancy.” He called the con-

dition “chondrodystrophia calcificans congenita”. He had followed his cases for a period

of four -years and came to the conclusion that, although these abnormal calcifications were

marked at birth, they disappeared by the age of three.

In Ma}^ 1944, Borovsky and Arendt reported a similar case and called it by the same

title as Raap. The child had flexion deformities of the knees, where the calcium deposit

was tiie heaviest. They found that the deposits of calcium could not be considered stippled

epiphyses, because the epiphyses were well developed. Their conclusions were that the

condition could best be placed in the category of chondrodystrophia, that no special treat-

ment seemed necessary, and that the prognosis was good.

The two cases reported here occurred in members of the same family.

Case 1.,Oii October 19, 1944, a two-month-old white girl was admitted to the Cincinnati Children^

Hospital for correction of bilateral congenital calcaneovalgus deformit}'. Routine

studies of the long bones, wrists, elbows, ankles, knees, and spine, made on October 27, 1944,

correction,, showed the epiphyses to ha-\'e a stippled appearance, as though broken up into

small fragments. The arrangement of these calcareous opacities was very irregular, and fo ov

definite pattern; they laj' within the cartilage. The3
’- were found in most of the joints,

numerous in the region of the tarsi. There was also stippling at the ends of the femora and at t le

end of each humerus. In the bones or periosteum none of the signs of congenital S3'philis
were -e

any constitutional abnormalities (Figs. 1-A and 1-B).

History

The child was boi’n at the end of eight months of pregnanc3^ and fort3'-eight hours of

forceps were used. The weight at birth was five pounds and nine ounces. No cyanosis was p - •
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RENAL RICKETS

Report of a Case

BY J. L. RICHARDSON, M.D., CHICAGO, ILLINOIS

From the Department oj Orthopaedic Surgery, University of Illinois College of Medicine, Chicago

The literature still contains fewer than one hundred reported cases of the syndrome
of renal rickets. This is probably an apparent rather than a real rarity, however, as many
cases undoubtedlj’- terminate without the true etiology being appreciated or without the
recognition of the association between the skeletal deformity and the renal abnormality.
Such was the situation in the early history of the case to be described.
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genographic examination “because of apparent shortness of the left lower extremity”.

Roentgenographic study showed multiple small bony bodies, scattered about the region of

all the joints examined. Geyunan felt that these findings w^ere indicative of a form of

chondrodystrophy. The roentgenographic findings differed from ours in that many of the

epiphyses appeared ragged. In our cases, the opacities were within the cartilage and not

scattered about the region of the joint. - - .

Lightwood, in 'the same year, reported stippled epiphyses in an eleven-month-old

child. This child had double congenital cataract, a finding seen in other reported cases.

The patient died of acute miliary tuberculosis, a few days after admission.

Bateman, in 1936, reported two cases of what he termed “punctate epiphyseal dys-

plasia”. His first patient had congenital cataracts.

Bloxsom and Johnston, in 1938, reported a case of “calcinosis universalis”. Their

patient had skin involvement at birth, consisting of various sizes of creamy-colored horny

plaques. The patient’s left leg was -short, and was held in a flexed position. Roentgeno-

grams showed multiple calcified areas throughout the cartilaginous portions of the long

bones,"and in the regions of the carpi and tarsi.- Becanse the child was making a spon-

taneous recovery, and because of high blood calcium three days after birth, Bloxsom and

Johnston concluded that there had been a disturbance in the calcium metabolism of the

mother or in the placentaj which caused abnormal deposition of calcium in the infant’s body.

In 1939, Maitland described two cases, both of which had double congenital cataracts,

The father of the children had a congenital absence, or presence in rudimentary form only,

of the phalanges of the hands and feet. Maitland’s conclusions were; “The condition

would seem, therefore, to be a direct hereditary transmission through the line of the male

parent to the younger daughters”.

Raap, in 1943, was the first to give a comprehensive summary of previous cases. He

presented an investigation of four cases, with a report of a postmortem examination in one

instance. His microscopic examination showed “an increase of fibrous tissue of periosteal

character. Directly under .this periosteum a formation of cartilage is noted. The deep'”

cells are acquiring a cartilaginous -character. The deepest layers of cells form osteo

tissue, which is partly calcified. There is no evidence of malignancy.” He called the co

dition “chondrodystrophia calcificans congenita”. He had followed his cases for a pern

of four -years and came to the conclusion that, although these abnormal calcifications we

marked at birth, they disappeared by the age of three.

In May 1944, Borovsky^ and Arendt reported a similar case and called it by the san

title as Raap. The child had flexion deformities of the knees, where the calcium depos

was the heaviest. They found that the deposits of calcium could not be considered stipp

|

epiphyses, because the epiphyses were well developed. Their conclusions w^ere that

condition could best be placed in the category of chondrodymtrophia, that no special trea'

ment seemed necessary, and that the prognosis was good.

The two cases reported here occurred in members of the same family.

Case 1. On October 19, 1944, a two-montli-old white girl was admitted to the Cincinnati
,

j

Hospital for correction of bilateral congenital calcaneovalgus defornlit3^ Routine

studies of the long bones, wrists, elbows, ankles, knees, and spine, made on October 27,
^

correction,, showed the epiphyses to have a stippled appearance, as though bioken up into
p,

small fragments. The arrangement of these calcareous opacities was very irregular, an

definite pattern; they lay vithin the cartilage. They were found in most of the joints, “
^

ymai

numerous in the region of the tarsi. There was also stippling at the ends of the femora an a

end of each humerus. In the bones or periosteum none of the signs of congenital S3'p n is w

any constitutional abnormalities (Figs. 1-A and 1-B).

History
Cep^’'^

The child was born at tlie end of eight months of pregnancy and fort3"-eight
houra

gQt,

forceps were used. The weight at birth was five pounds and nine ounces. No c3’anosis y
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Tlip family liistory was non-rontribulory; but the father had suffered a well-developed psycho-

neurosis.

The patient had been the product of a nine-month gestation and weighed six pounds and twelve

ounces at birth. She cxpericneed an illness of unknown cause during

the neonatal period, which left her weighing only four jiounds at the

lime of hosiiital discharge; but good health was soon regained and

continued until the ago of two years, when she had pyelitis which

continued to give trouble until the age of five. During childhood she

experienced measles, mumps, chickenpox, and whooping cough, but all

without apparent complication.

A review of .systems disclosed only that the child’s appetite had

been poor and that dyspnoea occurred with mild phy.«icnl e’xertion;

nocturia was occasional, and the menses had not yet occurred.

Physical Emimnation

The temperature was 9S.G degrees, jiulse rate 110 and respirations

25 per minute, body weight fifty-seven pounds (the average for a four-

teen-year-old female is 114 pounds), and height fifty-four inches (ex-

pected height sixt3’-two inches). The patient was a small, thin, weak

girl of blonde complexion, who appeared chronicallj’' ill and exhibited

a marked bilateral genu valgum deformitj'. She appeared reluctant

to walk, and when she did so it was with a waddling tj'pe of gait. The
scalp was normal. External ocular movements were normal; the pupils

reacted to light and accommodation; oj’egrounds were normal. The
ears and nose were normal. The teeth were in fair condition. Small

anterior and posterior ceindcal lymph nodes were palpable. Chest in-

spection and palpation revealed the presence of a rachitic rosary. The
lungs were normal to inspection, palpation, percussion, and auscultation,

as was the heart. Abdominal examination disclosed the presence of

small inguinal nodes ; the liver was palpable two fingers’ breadth below

the costal margin. Pubic hair was absent; the breasts were verj’’ small.

Refle.xes were all present and active. The extremities showed bilateral

genu valgum and pes planus. There was no limitation of motion of the

joints and no reduplication of the epiphj’'ses, as seen in untreated cases

of infantile rickets.

Laboratory Examination

The red blood cells numbered 3,450,000; hemoglobin 65 per cent.

Urinalj'sis showed a specific gravitj' of 1.010 and a trace of albumin; an

occasional epithelial cell per high-power field was present. The serum
calcium was 9 milligrams and the phosphorus 4.8 milligrams per 100

cubic centimeters of blood; the serum phosphatase was 17.8 milligrams per 100 cubic centimeters of

blood (Kay units)

.

Fig.1

Appearance of the patient
shortly after admission to the
Hospital. Height fifty-four

inches, weight fifty-seven

pounds. Delayed develop-
ment of secondary sex char-
acteristics is apparent. The
degree of knock-knee is equal
bilateralljq but the postural
external rotation of the right

leg partially obscures the de-
formity on that side.

Hospital Course

Roentgenograms of the knees and hips showed a loss of definition at the epiphj'seal plates with
irregularity of structure and contour. At the hips there was partial displacement of the femoral neck in

relation to the epiphj^seal body, and coxa vara deformity bilaterallj'. On several attempts, there was
inability of the kidnej^s to concentrate above 1.014; the phenolsulfonephthalein test showed less than a

measurable amount of dye excreted in one hour. Retrograde pj'elography demonstrated a normal
urethra and bladder; good instrumentation of the left ureter was possible, and a satisfactorj^ filling of

the left renal pelvis, which appeared normal to subsequent roentgenographic examination. On three
separate attempts at catheterization of the right ureter, however, the catheter stopped at eight centi-

meters; the dj’e injected returned down the ureter and produced pain with less than one cubic centimeter.

Roentgenographic visualization of the right renal pelvis was not effected. Intravenous urograms were
then obtained, films being made at intervals of 10, 20, 30, 60, and 120 minutes after injections of iodine
compound. No opaque shadows appeared on anj'^ of the films, thus indicating poor kidne3' function.
Meanwhile, the blood chemistry was as follows: non-protein nitrogen 128.6 milligrams, uric acid 4.9
milligrams, and creatinine 5.0 milligrams per 100 cubic centimeters of blood. The serum albumin was 6.2
grams and the serum globulin 1.2 grams per 100 cubic centimeters of plasma. The urea nitrogen was
107.5 milligrams per 100 cubic centimeters of blood.
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OSTEOCHONDRITIS OF THE SUPRATROCHLEAR SEPTUM

Report of a Case

BY W. T. ROSS, F.R.C.S., JOHANNESBURG, SOUTH AFRICA

In January 1945, IMorton and Crysler^ reported a series of six cases of osteochondritis

dissecans of the supratrochlear septum, lYhich condition the}'- stated had not previously

been described in the literature. Another case is reported here.

The patient, aged twent3’--one, was an airman in the Ro3’'aI Air Force. At the end of 19Bi j'®

knocked Ins right elbow while doing dinglu' drill. For some weeks he complained of stiffness m ti

elbow. This improved, but the elbow never quite returned to normal, and he found it difficult to exten

it full3L
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He was examined on December 31, 1945. The elbow appeared normal in all respects, e.vce,

extension M-as limited b3
’’ 25 degrees. Attempts to force full extension caused pain behind th(

Roentgenograms (Fig. 1) showed an oval, calcified, loose bodj'^, lying in the olecranon fossa. H
itself appeared larger than normal, with some sclerosis of its walls. As the elbow was extended, tl

bod}" clearl}" tilted when the olecranon process came into contact with it (Fig. 2).

On Februaiy 6, 1946, a posterior incision was made just lateral to the triceps tendon. The trict

incised longitudinall}", and the joint was opened. L3dng in the olecranon fossa was a completely

smooth, oval bod}", which was easil}" removed. The supratrochlear septum was very thin and spi*'

pressure, with two or three small apertures in it. The wound was closed in la3"ers, and a firm .

was applied.
,

B}" March 4, 1946, the wound was well healed and the patient had regained full movements

elbow. Postoperative roentgenograms of both elbows (Fig. 3) showed the fossa clearly defined

right humerus, from which the loose bod}" had been removed.

DISCUSSION

This case appears to be identical in all respects to those described by Mortor

Crysler. However, it is possible that the loose body did not arise from the supratroc

septum by a process of osteochondritis, as they suggest, but rather from some other

of the joint—such ag the capitellum—and that it became wedged in the olecranon f

As the olecranon process must impinge upon such a body, lying in this fossa, many

dreds of times a day, it seems reasonable to postulate that the loose body thus deep

its own bed on the posterior aspect of the supratrochlear septum, and did not acti

arise from the septum itself. Unfortunately, the loose body was not examined li

logically.

Note : The author wishes to thank Air Commodore H. Osmond Clarke, C.B.E,, for kind permi

to publish this case.

1. Morton, H. S., and Crysler, W. E. : Osteochondritis Dissecans of the Supratrochlear Septum. J.

.

and Joint Surg., 27 : 12-24, Jan. 1945.
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Rei’out ok Two Cases

HY THEOnOHE n. VIXKE, M.n., and K. take DUKKY, Ar.D., CINCINNATI, OHIO

From thv Orlhopoalic Dvpartmrul of the CoUrge of Medicine, Vniversity of Cincinnnli,

nnd thv Orlhopindic Service of the Cincinnnli Cliildrcn’n IloapUal

Clioiidrodvslvopluu ciilcifictins congenita was first described in 1914, by Conradi, who

considered this condition an aliorlive form of chondrodystrophy, or achondroplasia.

iMauy other authors liavc used the term stijiiiled c])ijiliyscs''S-’'’’i-M^ jind considerable

confusion cNists in the litevatuve concerning this condition. The present report represents

cases of multiple calcareous opacities, lying within the cartilage of the epiphysis. Another

entity, described by Borovsky and Arendt, difTcrs rocntgenographically from the cases

reported here in that the epiphyses did not aiipear stippled. A stippled appearance was

present in our cases during infancy, and it gradually disappeared without treatment. The

two patients were members of the same famity; a familial tendcnc}'^ is also suggested by

Raap’s cases.

The condition can be diagnosed only by roentgenographic examination. It produces

no pain or local manifestations, although in several cases congenital cataracts have been

observed^'--'-®, as well as other congenital malformations. Laboratory studies, including

blood chemistry, show no abnormal findings. Hypothyroidism has been associated with

epiphyseal dysgenesis, but its relation to chondrodystrophia calcificans congenita is

questionable.

Pathologically, calcareous deposits in degenerative connective tissue have been found

by Tisdall and Erb. A review of the American and British literature reveals nine similar

case reports.

The first report in America of a case of calcareous deposits in the joints was made in

1924 by Tisdall and Erb. It is probably just coincidence that the patient’s feet were

everted, similar to our patients’ feet. In addition to this abnormality, their patient had

flexion deformities, involving almost all the joints of the body. Such deformities were not

present in our cases. Unfortunately, no roentgenograms were taken of the trunk, hips, or

hands in Tisdall and Erb’s case. Roentgenograms of the wrists, elbows, shoulders, knees,

and ankles in their case were reported as follows: “Peculiar irregular (calcareous?)

deposits are present in the epiphyses at both ends of the humeri, the proximal ends of the

radii, ulnae and tibiae and the distal ends of the femora. The patellae are practically

outlined by these deposits.”

Laboratory studies suggested no explanation for these findings. The child, who was
five weeks old when first observed, died during the period of observation. A patent ductus

arteriosus was found at postmortem examination. Microscopic examination of the patella

Fairbank, in 1927, reported two cases. The first patient, seen at one month of age,

had congenital shortness of one leg. On roentgenographic examination it was found that:

“The epiphyses of the long bones of the leg, and the tarsal bones, are represented by a

number of discrete dense spots giving a curious stippled appearance”. This patient died

number of discrete dense spots giving a cuidous stippled appearance”. This patient died
when nine months of age. His second patient was two jmars of age when seen. The roent-
genographic findings were similar. Fairbank's conclusions were that it was difficult to fit

these findings into the dyschondroplasia group, and that it was necessary to regard them
as examples of a new affection.

Geyman, in 1931, reported a case of a two-month-old child, brought to him for roent-
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Fig. 1-B

Aa eat her roentgenogram made on September 28, 1942, and obtained from the patient’s local

phj’-sician, showing the onset of the lytic process in tlie left ilium.

nineteen inches (about 48.3 centimeters) from the anterior superior spine of the ilium to the medial

malleolus; the right leg measured twenty and one-half inches (about 52 centimeters) between the same

reference points. The apparent length of the left leg, as measured from the umbilicus to the media!

malleolus, was tw’ent5’’-tw'o and one-half inches (about 57 centimeters)
;
the apparent length of the right

leg, between these reference points, was twenty-thi-ee and one-half inches (about 60 centimeterj).

Trendelenburg test for stability of the hip was positive on the left.

Weakly positive reactions

were obtained routinely to the

Kline, Kahn, Hinton, and Was-

sermann tests. These results were

thought to be caused by the re

cent episode of chickenpox from

which the child was recovering

The presence of syphilis coul

not be established. Results oi

urinalysis were negative.
e

value for hemoglobin was

grams per 100 cubic centime er

of blood. Erythrocytes numbereo

4,000,000, and leukocytes, H,

per cubic millimeter of

The differential count was wim

essentially normal limits, s =

the Westergren method, the sc

mentation rate was 9 mi
.

in one hour. Studies o

chemistry revealed the

calcium to be 10.9 milhpa® ’

and that for phosphorus, 52

ligrams per 100 cubic centime!

Fig. 2

Photomicrograph (X 50) shoiving fat and fibrous tissue that have

been infiltrated by lymphangioma (hematoxylin and eosin stain).
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Fiq. 1-A

Case 1. Roentgenogiam of infant’s feet, showing numerous calcareous-appearing deposits of
irregular shape in the region of the tarsi.

She had been breast fed since birth. No cod-

liver oil or orange juice had been given.

The father and mother were each twenty-one

years of age and in good health. Neither parent had

a family history of abnormalities. There had been

one previous pregnanej-', but no abortions or still-

births. The other child was living and well, but a

similar deformity of his feet had been present at

birth.

Physical Examination

On admission the child weighed six pounds and
ten ounces. She was a white girl, two months old.

The general appearance was that of a well-developed

and well-nourished infant, who appeared about the

stated age. No Ij'mphadenopathy was observed.

The skin was of normal color, moisture, and texture.

No petechiae or lesions were noted. The head was
normal in size and shape. The e3'es showed no
evidence of cataract or other abnoimalit3\ A tend-

ency toward saddle-nose deformity was observed.

The ears and throat showed no abnormal findings.

The thorax was normal in shape and contour. The
chest was clear to percussion and auscultation. The
heart was not enlarged; the rh3dhm was regular;

and the rate was 110 per minute. No murmurs were
heard. The genitalia were normal. The extremities

were S3'mmetrical and showed no inequalities in

Fig. 1-B

Roentgenogram of wrist, showing calcareous-
appearing deposits in region of carpal bones and
in first metacarpophalangeal joint.

There was no

length. The feet were everted; the3^ were flat and
broad across the tarsi, with marked abduction and
pronation of the fore part of the foot. The3

'’ were held in a calcaneovalgus position
limitation of motion of the other joints. The reflexes were ph3’^siological.
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Fig. 4

Roentgenogram made on August 8, 1945
,
showing e.xtension of destruction to the sacrum and

the fourth and fiftli lumbar vertebrae.

of serum. The value for phosphatase was 6,6 units per 100 cubic centimeters of serum, as determined by

the Bodansky method. Reaction to the tuberculin test in the first strength was negative. Roentgeno-

grams of the pelvis, which were made at the Clinic, showed almost complete absence of the left ilinm

from the sacro-iliac joint to the acetabular region, there being a small remaining portion of the roof of

the acetabulum over the middle half of the head of the femur (Fig. 1-A). The left side of the pelvis

was “telescoping’’ into the pelvic viscera. There was no evidence of any formation of new bone in this

area. Roentgenogram of the skull did not disclose disease of the bone.

In the absence of any' tumefaction and sy'mptoms, the first consideration was that of congenital

absence of the ilium. The child’s mother, however, on reviewing the roentgenograms, felt that they' did

not show the same picture as the original ones that had been made elsewhere. Consequently', the latter

roentgenograms, made on September 28, 1942, were obtained and reviewed. They showed that an

osteoly'tic process involved the posterior portion of the ilium, and extended down toward the acetabulum

(Fig. 1-B). Dissolution of the sacro-iliac joint had already' begun. Hence, the problem of differential di-

agnosis and treatment became most difficult. Biopsy' was proposed and carried out on December 21,
1"

An elliptic incision was made over the anterior superior spine of the ilium and over what wou

normally' be the crest of the ilium. The muscles were dissected down to what remained of the ace a

ulum." After the incision had been made, and, as the aforementioned procedure was being carried on ,

a thin, straw-colored fluid exuded, similar to the fluid seen in the presence of ly'mphoedema. Pretmre

on the tissues caused oozing. Some of the tissue, cartilage, and bone from the region of the aceta lu u

was removed for histopathological examination. After the bleeding had been stopped, the incision w -

closed in the usual manner. Long-leg traction in moleskin was applied, postoperatively'.
_ _

Macroscopically', the tissue removed was without significance, because it consisted of smal piece=

of cartilage, bone, and adjacent soft tissue in which the normal anatomical relationships had been

Histopathologically', the small pieces of cartilage and bone were unsatisfactory for study', because ^i^.^

did not reveal the true nature of the lesion. On the contrary, howei'er, histopathological study o spe^^

mens of the adjacent soft tissue disclosed that a ly'mphangioma had infiltrated the fat, fibrous

muscles. The lymphangioma consisted of lymphatics and lymph sinuses lined with flat en o i

^^^^B^ause of the collapse of the pelvis, it was thought wise to attempt to restore it by any metlio
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r.\sr. 2. 'I'liis lioy, two yrnrs and ('Irvrii inonliis of iikc, was a hrollior of the cliild prcKcnlod as Case 1.

Ills feet liad been mildly everted at. hirtli, but. not so imieli as Ids sister’s. Rocntgcnographic examination

of the long bones, ankles, knees, Idps, wrists, elbows, and spine revealed abnormal finding.s only in the

fdms of the ankles and feet. Seattered thronghoul the region of the tarsi, irregular calcareous-appearing

deposits were seen within the cartilage. I'he.-'O were .sindlar to those soon in the film.? of the patient’s

.sister, but were not .so numerous (Figs. 2-.\ and 2-li).

llinlarj/

The child had been born aft('r a fidl-term pregnancy, with forcep.s delivery. No cyanosis liad been

present. The only deformity was slight eversion of the feet.

Ho had been fed breast milk and bottled milk until eight months of ago. Cod-liver oil and orange

juice were started at three months of age; vegetables wore started at four months, and meat at six months.

Pit i/sical Examiuatioa

The ])atient was a well-developed and well-nourished child, three yeans of age. The only abnormal

finding was mild ]ironation of the feet, with medial prominence of the tarsi.

Blood AVassermann tests of the mother and child were negative. Roentgenographic examination of

the mother showed no abnormal findings. Rocntgcnographic examination of the father was not po.ssiblc,

since he was in Europe at the time.

SUMAIAnv

Case reports of a two-month-old white girl and of her brother, aged two years and

eleven months, are presented because of the rocntgcnographic findings of calcareous de-

posits within the cartilage of the joints and in many epiphyses. The girl was admitted for

orthopaedic correction of talipes calcaneovalgus deformity, and the calcareous deposits

were discovered during routine roentgenography. All laboratory studies failed to disclose

the cause for the deposits. The boy had scattered irregular calcareous deposits within the

cartilage about the tarsal bones, but these were less numerous than those -found in his

sister. • .

After study of the British and American literature, nine similar case reports of in-

fants were found. Several patients had -congenital heart lesions or cataracts. -Neither- of

these conditions was found in our patients. Sevei-al of the case reports mention stippled

epiphj'ses in older children'*'^”-^--^’’’^'*. These cases are not similar to ours, because the

authors report stippling of the epiphyses without the presence of diffuse calcareous

opacities within the cartilage. AVe contend that our cases represent an entity separate and
distinct from that occurring in older children.
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Clinicall3^ although the patient was still -ivithout pain, she was being taken to and from school and
was using a wheel chair. She was unable to walk without a marked limp.

COMMENT

Histologically, the periosteum of normal bone contains a rich plexus of lymphatic

capillaries. It is possible that this tumor arose in the periosteum, and gradually caused

dissolution of the ilium, ischium, and portions of the vertebrae, by invasion of the blood

and lymph spaces contained therein. Not much is known about the lymphatic vessels of

the bone marrow and cancellous bone, but such porous structures, rich in body fluids, must

certainly contain lymphatic vessels. It is known that lymphatic vessels do accompany the

blood Amssels in the Haversian canals. Hence, it is conceivable that this tumor could arise

primarily within the bone.

The question as to whether this tumor could have arisen in the soft tissue surrounding

the bone, and caused secondary erosion of the ilium, is a speculative one. However, since

there is ample room for expansion of such a lesion into the surrounding tissue, it is difficult

to conceive that the ilium should have disappeared because of pressure erosion in the

absence of tumefaction. Explanation of the progressive extension across joint lines is

difficult, unless it is accepted that the origin of the tumor was periosteal. In the literature

several cases have been reported in ndiicli rather acute spontaneous absorption of bone had

occurred. The tissue in these cases, however, exhibited degeneration, and was not inflvam-

matory or neoplastic.

RUPTURE OF THE POPLITEAL FASCIA

BY HOWARD R. DUDGEON, JR., M.D., AVACO, TEXAS

Although a great deal has been written about knee injuries, especially cartilage in

juries and fractures into and around the knee joint, rupture of the popliteal fascia ^i

j

herniation of the hamstring muscles has not been discussed adequately in the niecica^

literature. The condition is not rare, but is uncommon. In the standard texts of anatom}

are described trvo layers of fascia in the popliteal region,—the superficial and the deep,

popliteal, fascia. The popliteal fascia is thin, but possesses considerable strength

of the transverse fibers which are interwoven among its longitudinal fibers-. It is

attached on each side to the tendons of the muscles rvliich bound the poplitea o..-

Proximally it is continuous with the fascia lata of the thigh.
. _

^

Following are the reports of two cases,^—one a recent injury to an Austra lan cn

and the other an old injury to a soldier.
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A SLING FOR USE IN LEGG-PERTHES DISEASE

BY CLARENCE H. SNYDER, M.D., GRAND RAPIDS, MICHIGAN

It is generally agreed that good results can be obtained in Legg-Perthes disease, if

treatment is begun early. This usually means some form of rest; frequently traction or

a plaster cast is used, and sometimes a so-called non-weight-bearing caliper. Often the

surgeon has difficult}'- both -^dth the parents and with the patient, who usually is an other-

wise healthy child and does not wish to be kept in a cast or in traction. The non-weight-

bearing caliper does not give adequate rest or freedom from weight-bearing, and the results

with this type of treatment have been poor. Some children hai'e been treated by non-

weight-bearing alone; crutches and sometimes a lift on the shoe of the good leg are used to

keep them from putting weight on the involved side. Most of these patients will get better

if they can be kept from weight-bearing. If kept in bed, however, they will sometimes get 1

up on their knees, or walk around the room. When permitted to use crutches, they will dis-

regard instructions at times and will walk or bear w'eight on the bad leg in spite of all

observation and entreaties.

A sling, which the author has used in several cases in which the disease was unilateral,

has proved most satisfactory.

F. H., an eight-year-old bo}'- with unilateral Legg-Perthes disease, had an initial

period of bed rest, after which he was allowed up with crutches
;
he continued, however, to

bear weight on the ini'olved leg, either walking or standing on it at times. His father asked



IMUAIAUY LYMPJlANdlOMA OF THE ILIUM

llKrouT OK A Cask,

'V Wn-I-IAM H. HK'KKI,. M.D,. AND AMIKllT C. ItllODKHS, M.D., liOCJIKSTEn, MINNESOTA

Frotti iIk Firtious oii Ortlmpurdic Suracrj/ and Surgical Pulhology,

Maya ('litiic, l{aclirslcr

LymiiliiUigionia of soft, (issiio is not an uncominon condition, as is evidenced by the

ly n'jiorts of such tumors in tlie literature. So far as can be determined, however,

:c arc no recorded cases of iirimary lymphangioma of bone. Consequently, it was

light that the iiresentation of .‘^uch a case would be of value.

CASE IIEI’OUT

.\ pirl I'nc yp.'irs old \vii< hrouplit to (lie Mnyo Clinic on December 1, 1943. A questionable diagnosis

'o'-lcomyi'bli^ of llie lefl ilium" had jin'viously been nuide. The child’s mother stated that fifteen

.
iths earlier, when the cluld had been three and .a half years old, a limp had been noted in the left leg.

nipulative treatment had been employed, and the leg had been stretched. In November 1943, a

ilgcnogram had been made, ami a defect in the ilium had been noted. The child had never com-
• ned of I'ain, and laid been tdile to keep up with her playmates in activities. However, the limp had

Dine progre.'^.'^ivoly worse.

The history of this jiatient was essentially irrelev.ant to her condition. She had been born at full

n, by siiontaneous delivery; she had begun to walk at the age of one year, and her development,

".’pt for the condition previously noted, had been normal. Shortly before the child was first seen, she

1 had an cjiisodo of chickcniiox. which had left some residual scales.

; Results of a general plp'sical examination were entirely negative. The patient’s left leg measured
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trochanteric region. It hangs either at the patient’s side or behind him. The knee is fle.ved

to about a right angle, and the weight of the sling is borne by the lower portion of the

tibia. An additional small strap may be placed around the shoe, just anterior to the lied,

to help hold it in place.

j\Iost of the patients who have tried this sling have been boys, but some girls are now

wearing it (Fig. 1). The children have been much happier, and more contented and co-

operative since wearing the sling. They go where they wish, but avoid standing on the leg.

They play games without worrying about weight-bearing, ride in cars, attend school, go

swimming, get into the bath tub, et cetera. Night casts or traction have not been found

necessary. The muscle spasm disappears after a few weeks; and quite normal rounding

of the head of the femur results in due time without much muscle atrophy and, in most

cases, with very little shortening of the limb.

A HANDY PIN INSERTER

BY GEORGE R. DAWSON, JR., M.D., FLORENCE, SOUTH CAROLINA

A pin inserter, made from the “T” on a Jacobs chuck, is useful in various procedures.

It is particularly advantageous when the left hand is needed to hold the part, as in trans-

fixing an olecranon fracture or in transfixing a phalanx in arthrodesis of a toe.
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Fig. 3-A

Roentgenogram made on February 18, 1944, showing pelvis after the patient had received the
first couise of roentgen-ray therapy and traction; the pelvic outlet has been lestored somewhat.

Fig. 3-B

Roentgenogram made on July 20, 1944, showing beginning absorption of the ischium and
continued absorption of the ilium.
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possible, while :i cour.-c of roentucn-iaj' tiealinonl. was iu'iiig adininisterccl. The patient was placed in a

cast after the incision had healed, and a IIook-Martin traction ai)i)aralus was applied. This resulted in

some degree of widening of the pelvic outlet, as evidenced by the roentgenogram nnadc on February 18,

1944 (Fig. 3-A). After the jiatient’s first scries of roentgen-ray treatments, it was thought that some

increase in formation of bone had occurred, and that no increase in dc.struction of bone had taken place.

The Kline, Kahn, Hinton, and Koliner tests, made while the patient was in the Hospital, showed

that the reactions had become negative.

Roentgen-ray therapy consisted of seven light doses, administered at monthly intervals. The last

treatment was given on June 27, 1944. A roentgenogram made on July 20, 1944 (Fig. 3-B), showed some

increase in destruction of that i)ortion of the bone which remained above the acetabulum. An indented

erosion situated just above the ischial tuberosity was noted. Further, some degree of collapse of the

pelvis was noted; it was impossible to maintain the position that had been gained. It was felt that the

patient had reached the limit of ioicrance to roentgen-ray therapy, and (hat the tumor appeared to be

not radiosensitive. Consequently, the therapy was discontinued.

The mother of the patient sent us a roentgenogram that had been made on August 8, 1945 (Fig. 4).

In this roentgenogram marked extension of (he lytic proce.ss was evident. The left iscliium seemed to be

disappearing, and it appeared that involvement of the sacrum and the fourth and fifth lumbar vertebrae

had commenced, with nearly complete disappearance, on the left, of the facets between these vertebrae.

Apparently, b3
' this date, involvement of the Iiead of the femur had not yet taken place. The patient’s

clinical course at that time was apparently the same. She had a painless limp.

Roentgenograms made on September 23, 1946, showed marked extension of the destructive process,

so that more than two thirds of the left innominate bone had disappeared (Fig. 5). Dissolution of the

pedicles of the vertebrae, facets, and spinous process on the left had occurred, with some degree of rotary-

displacement of the right sacro-iliac joint. There was some question as to involvement of the trochanteric

region of the left femur.
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Holes are drilled in the bone, as shown in Figure 4. Into these holes are inserted plugs
made from coat-hanger wire (Figs. 5 and 6). After each hole has been drilled, a plugh
inserted to ensure the exact position of the plate. Figure 7 shows the screw holder inserted

into the chuck, and Figure 8 shows the screw inserted into the screw holder.

The speed of driving the drill is determined by the pressure of the foot on the rheostat.

The last few turns are made either by the motor-driven screw driver or by a hand screw

driver. Figure 9 shows the screw holder being released.

Pig. 10

Models A (at bottom), B, and C (at top). A screw has been inserted in Model C.

Pig. 11

Another view of Model C. Since there is no cuff to hold the screw, the screw can be driven

all the way home in one moi'ement.

Figure 10 shows the three models of the instrument. Model C is made by cutting o

the handle of a five-sixteenths-inch “snap-on” screw driver and turning it in a lathe to

the quarter-inch Jacobs chuck on the motor. The blade of this screw driver has in

^

“

middle third a tongue which rotates to hold the screw by friction. Model C has t le

advantage over Models 'A and B that it has no cuff to hold the screw, and therefoie ic

screw can be driven all the way in vdth one movement; howe-s^er, the screw is not he ( -o

firmly as it is in Models A and B, and the screw driA^er aauII jump off if the fiiction i-

too great.
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Casi; 1. J. K., an Australiiin civilian, asiod forly-six, while lifting a heavy weight, had a sudden '^lain-

in the left popliteal space and had to sit down for about thirty minutes. When he attempted to walk,

there was severe pain in the knee and rapid swelling in the popliteal space. When seen, three days later,

the patient stated that he had been unable to work for the past three days and could walk without pain

only when keeping his knee stiff. lie felt that he had a “knot” on the back of his knee. There had been

no previous knee injury.

The physical examination was negative, excej)! for the left popliteal space. There was some di.s-

coloration of this area and, when the patient flexed his knee partially, a mass the size of a lemon appeared

on the medial portion of the popliteal space. This mass was firm and tender on pressure. Full extension

of the knee caused the mass to disappear; attcjuplcd extension of the partially flexed knee against

opposition made it firmer and more prominent. No fluid could be aspirated from the mass, and roent-

genograms were negative. There was no instability of the knee in any direction. The preoperative

diagnosis was partial evulsion of the attachment of the semitendinosus or semimembranosus.

An operation was done, using 1 per cent, procaine and a mid-line incision in the popliteal space.

The tissues were found to be infiltrated with blood and the popliteal fascia was torn obliquely. The

muscle bellies .and some of the tendinous parts of the semitendinosus and semimembranosus were found

to herniate through the fascial rent when the knee was partially or completely flexed. The attachments

of these muscles were not torn. The tear was overlapped and closed with interrupted sutures of No. 1

chromic catgut. The leg was immobilized in extension for two weeks with a thigh-length anterior splint.

Gradual weight-bearing and exercise were started; complete recoveiy occurred in from five to six \yeeks.

Case 2. A soldier, twenty-three years old, had a p.ainful, unst.able left knee and a mass in the

popliteal space. Five j’ears before, a tree had fallen on his knee, and ho had been disabled for five or six

weeks. Roentgenograms taken at that time showed no fractures. The mass was noticed after he had

recovered from his injury and had resumed walking. It did not increase in size, but was more noticeable

on flexion. The knee had been unst.able since the accident. When seen, the patient was unfit for duty.

Physical examination disclosed a complete tear of the fibular collateral ligament. Roentgenograms
were negative. There was a firm mass, the size of a walnut, in the popliteal space; this mass became
more prominent on flexion of the knee and partially dis.appeared on extension. Locking of the knee

did not occur.

Because a Baker’s cyst was suspected, .about 100 cubic centimeters of .air was injected into the tumor.

No fluid could be aspirated. Roentgenographically, no air was seen in the knee joint; most of it seemed
to have traveled proximally in the muscle planes.

The patient was operated upon and a tear, one inch by two inches, was found in the popliteal fascia,

with herniation of the muscle belly of the semitendinosus. After the fascia had been freed, the te.ar was
easily overlapped with interrupted sutures of No. 1 chromic catgut. The ruptured fibular collateral

ligament was repaired with fascia lata, according to the technique described by Campbell. The leg was
immobilized.

The patient had an uneventful recoverj'^ and when last heard from, eight months after operation,

was doing full military duty.

DIFFERENTIAL DIAGNOSIS

In these cases it is difficult to distinguish between a Baker’s cyst^, chronic bursitis

around the knee joint, the usual fat pads in an obese person, and a lipoma. When there is

doubt as to the diagnosis, aspiration should be carried out, if possible, and about 100 cubic
centimeters of air injected. Roentgenograms should then be taken. If a Baker’s cyst is

present, there will be air in the knee joint; if a chronic bursitis, there will be air only in the
bursa; if a fat pad, lipoma, or popliteal rupture is present, there will be air in the tissue
and muscle planes. A history of injury and the fact that the mass is more prominent on
flexion of the knee will aid further in making the diagnosis of rupture of the popliteal fascia.

If a ruptured popliteal fascia is causing pain and disability, surgical repair is necessary.
The treatment of this condition is simple and satisfactory, if one realizes the abnormality
which is present.
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normal. Obvious lateral bowing is corrected by applying more traction; by varying the

amount of abduction; or, finally, by aluminum pressure pads, clamped to the splint. As

soon as the position is satisfactory to external appearance and by measurement, roent-

genograms are taken to check the position.

Static quadriceps exercises are begun immediately When the fracture has partially

consolidated, a Pearson attachment is added to the Thomas splint, and knee motion is

resumed. Weights and pulleys are attached so that a pull by the patient allovs the knee

to flex.' At this time, the amount of traction may be reduced to about eight pounds to

facilitate flexion of the knee (Figs. 3-A, 3-B, and 3-C).

Traction is maintained for twelve weeks, or until the fracture is united clinically. The

pin is then removed, and knee motion is continued while the extremity is maintained in

suspension. When the roentgenograms show considerable callus, a Thomas caliper splint

for ischial weight-bearing is applied and worn for at least six months to prevent refracture.

During this time, the patient should exercise against resistance to regain full flexion of the

knee and full power of the quadriceps.

DISCUSSION

The long stirrup permits treatment in the original Thomas or Jones manner, with the

knee fully extended. Full extension of the knee is never lost, and quadriceps exercises may

be begun earlier and more efficiently. In addition, most femoral fractures fall into position

very easily with the knee in the extended position. Indeed, supracondylar fractures imay

be so treated, and, if treatment is started early, contracture of the gastrocnemius is not

allowed to occur.

The author prefers the Steinmann pm to the Kirschner wire. The pin has very little

Pig. 3-A ,

Complete traction appaiatus. The Pearson attachment is applied the fracture has unite

sufficiently to permit knee motion. {Photograph by V. S Army Signal Corps)

* The discs of the stirrup should be oiled frequently to reduce rotation strain upon the Stei
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foT some sort of sling to liclp the child hold his leg off the ground, and the one shown in

Figure 2-A was the result. Several children arc now wearing this type of sling, and are

able to walk with crutches and attend Orthopaedic School.

The sling may be made from leather or webbing, about one and one-half inches wide;

it hangs from the opjiosite shoulder and is riveted together or sewed at the belt line or the

Fig. 2-B

Roentgenogiams taken August 29, 1944, m the advanced stage of the disease.
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tendency to slip from side to side. It allows the use of the rotating stirrup, thus pcrmittiirr

knee motion without rotation of the pin in the bone.

The site of placement of the pin is still a subject of controversy. Many surgeons

prefer the supracondylar position, believing that knee motion is easier with the pin in this

position and that, in certain supracondylar fractures, an upward pull on the distal frag-

ment may correct posterior angulation.

The supracondylar placement involves three distinct disadvantages:

1. The pin transfixes the tendons which move the joint. Motion of the knee is thereby

limited by pain and pull on these tendons. In patients treated with apparatus requiring

multiple pins, seldom is more than 25 degrees of knee motion present with the pins in place.

2. Experiences with femoral lengthening show that the pull of the femur inside its

muscular cuff may jam the articular surfaces of the femur and the tibia, and may, if the

knee is flexed, cause partial posterior subluxation of the tibia on the femur. This might

occur in the treatment of older fractures with severe shortening.

3. The supracondylar pin is close to the synovial reflections, and may actually trav-

erse them. This causes added secretion, which promotes the formation of adhesions in the

suprapatellar pouch. A scar tract is formed between the femur and the tendons,—an addi-

tional factor to limit knee motion.

Conversely, insertion of the pin through the tibial tubercle is safe, since there is no

danger of piercing the femoral artery or the suprapatellar pouch. Traction is placed upon

the muscles causing the shortening, and the knee joint is not jammed. Knee motion may

be started as early as the condition of the fracture allows, and does not cause pain. The

author has never seen laxity of the ligaments of the knee when efficient quadriceps exercises

have been carried out from the beginning of treatment.

DISCUSSION

{Coniinued jroin page Ji75)

disc injury. It is submitted that instability of the lower lumbar joints frequently is an underlying

of disc rupture. In support of this is the fact that many of these patients give a history of back pain,

preceding sciatica for months or years. Loss of the nucleus pulposus and subsequent flattening of t le

disc must have a detrimental effect upon the mechanics of the joint. It is believed that this accoun^-

for the many cases in which back pain follows the removal of a herniated nucleus pulposus,

the sciatica is relieved. For these reasons it is our practice to do a spine fusion at the time of the

operation in a majority of cases. By the use of internal fixation with screws, the period of confinemen

to bed and of subsequent disabilit3
'^ is not prolonged over that following the simple disc

In regard to the diagnosis of a herniated nucleus pulposus, chief reliance is placed upon the

of sciatic pain and the clinical e.xaminations, made bj”- both the orthopaedic surgeon and the neuro o^i

charactcn=nt
The patients are divided into two groups: (1) those in whom the neurological signs are

and convincing, and (2) those in whom the nerve signs are less definite and not convincing, au

group, a definite diagnosis of a herniated nucleus is made; in the latter, the condition is siispe

exploration is advised, especiallj' if spine fusion has been decided upon.^ploration is advised, especially ii spine lusion lias been aecioeo upon.
^ , H he es-

At exploration, both the lumbosacral and the fourth and fifth lumbar interspaces siou

amined as we have found a small number of double herniations.
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A MOTOR-DRIVEN SCREW HOLDER AND SCREW DRIVER

BY GBOUGB U BA^VSON, .TU., M I)
,

1 LORENCG, SOUTH CAHOLINA

Several models of a motor-driven screw holder and screw driver are shown. Model A
is shown assembled in Figure 1, and the parts arc shown separately in Figure 2. Figure 3

shows the instrument inserted into a motor-driven chuck.

Fig 2

Fig 3

* at the Annual Meeting of The Ameiican .Academy of Oithopaedic Surgeons, Chicaeo
illmois, Januaiy 1946.

o , & ,
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A SIMPLE LEG HOLDER FOR HIP-NAILING OPERATIONS

BT EDWARD PARNELL, M.D., ALBUQUERQUE, NEW MEXICO

In establishments where an abundance of willing and helpful hands are available, it

is an easy matter to maintain a fractured hip in reduction by having an intern sit on a low

stool and hold the leg firmly. An abundance of help is usually not available when needed,

however; and, although the leg holder to be described is unable to think ahead or shift in

position a few degrees on command, yet in the writer’s experience it serves admirably. It

can easily be made by an inexperienced carpenter, or by the surgeon himself.

Shows leg holder attached to wooden table, with patient in position.

It consists simply of

two hardwood boards,

about twenty-four to

thirty inches long by nine

inches wide, held together

at one end by twm small

hinges. A sliding, adjust-

able prop is fixed to the

under side, to maintain

the boards at any desired

angle with each other.

The ordinary sliding fas- view of under side of leg holder. Arrow points to adjustable bracket,

tener for holding storm . ,

windows open is suitable. Before the parts are assembled, one row of three-quar

holes, three or four inches apart, is made in one board, and three rows of holes in t le o

Three large pegs, to fit the holes, are made from sections of a broom handle.

In use, the section with one row of holes is clamped to a table top with small c a

Any type of table will do, with or without a cassette tunnel. The writer uses a p

umoden table, with a built-in cassette slot (Fig. 1) . The hip fracture is reduce ,
an

pegs, properly padded, are placed, one against the inner side of the
yeof

to maintain abduction; one under the knee on the affected side; and one behin

the same side. The respective parts are then fixed to the pegs with bandages.
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THE FUNCTIONS AND ACTIVITIES OF THE COMMITTEE ON ARTIFICIAL LIMBS OF
THE NATIONAL RESEARCH COUNCIL

A Preliminaiy Report *

BY PAUL E. KLOPSTEG, PH.D., SC.D., EVANSTON, ILLINOIS

Chairman, Committee on Artificial Limbs, National Research Council

This presentation is intended to constitute a general and practical informational review rather than

an official report covering the functions, activities, and plans of the Committee on Artificial Limbs of the

National Research Council.

The Committee on Artificial Limbs was established by the National Research Council following a

conference that had been held in Chicago during the latter part of January 1945. This conference had

been called at the instigation of Tlie Surgeon General of the Army “to standardize artificial limbs”, but

this pro^'ed to be impossible for the kind of meeting that had been arranged. However, out of the

meeting came the suggestion that a stud3’- of existing devices bj’’ a small group of engineers, phj^sicists,

and surgeons, with a view toward making improvements and perchance developing new deidces, seemed

clearer indicated. It will be recalled that the work of the Committee in its initial stages w’as made

possible through a grant from the Office of Scientific Research and Development through the Committee

on A'ledical Research, and that, with the gradual liquidation of the organization of the Office of Scien-

tific Research and Development, the sponsorship was assumed b3'’ the War Department, joined later by

the Veterans Administration. At the present time, these two agencies share in supporting this work, the

Veterans Administration being the principal contracting agenc3L

The functions and responsibilities of the National Research Council, of which the Committee on

Artificial Limbs is a part, are covered in the executive order of President Wilson, issued Ma3" 11, 19IS.

This order ciearl3'- limits its work to the scientific and technical fields. The functions of the Committee

must be limited to thesp fields, if the kind of technical progress is to be made that we emdsioned when

we assumed responsibility for this work.

Since there was no read3'-made group of laboratories that could undertake work on the problems

outlined b3^ the Committee, it became necessaiy to find organizations with laboratories and personnel

that could undertake such assignments. Most of these workers had had no experience with artificial limbs,

but the3’’ did have experience in research and development. Between the two alternatives of experience

in limb-fitting onl3’', or in research and development onl3'', the latter was the more important. AVith this,

the necessaiy indoctrination with reference to artificial limbs could be acquired b3’' obi'ious procedures,

with the help and advice of the Committee. Under the plan of operation folloived b3' the Committee,

the surgeons delineate the problems and the engineers undertake to find the most appropriate methods

of solving them.

The first prosthetic dei'ice to be formalR^ approved b3’’ the Committee, for use b3'' the Veterans

Administration and others, is the artificial arm developed b3^ the Northrop Aircraft Compan3'. Although

this arm is still being tested, it satisfactoriU^ meets the performance, strength, and h3'gienic requirement

specified for this t3^pe of prosthesis. It has plastic construction, a plastic socket molded over a rephea o

the stump, and an elbow lock which can be made to mesh or disengage in a large number of positions

b3'^ alternate pulls upon a control cord, attached to the shoulder harness. [A man who had had a bilateia

amputation above the elbow demonstrated the above-elbow arm. An individual with a unilateral belou-

elbow amputation demonstrated a below-elborv prosthesis, equipped with a rotating wrist with step-up

gears and locking mechanism.]

One matter wdiich should be mentioned is the hope and expectation of ever3'one concerned

these problems that all amputees may benefit from whatever positive results harm been and nra}

achieved through the work of the Committee. There seems no alternative to the conclusion that pro.

thetic devices will have to find their commercial outlet through the limb industivv. Since

amputees constitute onR^ about 5 per cent, of the total amputees in our population, it appeals ra

least 95 per cent, of the amputees will have to be accommodated through the limb industr3q er’en

the Veterans Administration were to undertake the fitting and training of veterans through its

facilities. It seems indicated, therefore, that, if an agency'- or committee undertakes to develop P

which improved artificial limbs shall be made available to amputees, that committee will ha%e °

major consideration to questions of service and distribution to the large number of amputees u i

disability is not connected with Military' Service. ,

Several approaches to the more important research problems seem desirable. For the arm a

* Read at the Annual Meeting of The American Academy'

Januaiy 27, 1947.
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AN IMPROVED ROTATING STIRRUP FOR USE IN THE TREATMENT OF

FRACTURES OF THE FEMUR WITH SKELETAL TRACTION

BY GERALD G. GILL, M.D., OAKLAND, CALIFORNIA

This article presents an improvement in the treatment of fractures of the femoral

shaft with skeletal traction. The improvement consists in the use of a long rotating stirrup,

extending from the level of pin insertion in the tibial tubercle to the sole of the foot. This

method permits immediate and efficient exercise of the quadriceps muscle and of the knee,

and has been used by the author since 1940.

APPARATUS

The apparatus is composed of three parts:

The first is a stainless-steel Steinmann pin, five thirty-seconds of an inch in diameter,

preferably with a flat drill point.

The second portion is a Thomas splint or Army
half-ring splint, of sturdy construction, with side

bars three-eighths of an inch in diameter. Rigiditj”^

is necessaiy so that pressure may be placed on the

fragments through slings or side pressure pads. The
Army half-ring splint, which is less rigid than the

Thomas splint, tends to spring together, and may
be stabilized by the application of a curved metal

clamp to join the two side bars (Fig. 1)

.

The long rotating stirrup differs from the usual

Bcihler rotating stirrup in that it extends from the

tibial tubercle over the foot. It consists of two discs

with set screws and holes for the Steinmann pin,

Fig 2-A
Long rotating stiirup

Fig 2-B

Detail of the disc portion of
the lotating stiriup

together with the extension part of a cold-rolled steel, five thirty-seconds of an inch in

diameter (Figs. 2-A and 2-B)

.

METHOD AND TREATMENT

A Steinmann pin is drilled through the tibial tubercle, and the long stirrup is attached'
to the pin. The Thomas splint is then applied, the distal end of the splint being fixed
directly to the crossbar. Slings are then applied to the splint.

Adjustments are made until the appearance of the thigh conforms closely to the
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The complete success of the program, in which the Committee on Artificial Limbs is can-j-inc- the
responsibility for the technical development, can, it seems to me, be achiex^ed only through the coopera-
tive efforts of those who recognize what the problems are. This obviously includes orthopaedic surgeon
to the extent that thej'^ will take an enthusiastic part, not merely in supporting such a program as that
being conducted by our Committee, but also in efforts to carry the work further, as indicated. With
more than 400,000 amputees in the United States alone, such efforts appear exceedingly worth while.
Aside from any material considerations, there would be in store for those who participate great satisfac-

tion in alleviating both physical and mental discomforts and in helping unfortunates toward regaining,

in greatly increased measure, the ability to engage in normal activities.

CHARLES FAIRBANK PAINTER

1869-1947

Charles F. Painter of Boston died on January 6, 1947. Descended from an old Virginia family, he

was born at Grand Harmn, Michigan, the son of a clergyman. He went to school in Great Barrington,

Massachusetts, going on from there for one year to Williams College and then to Johns Hopkins TJni-

versiti’'. He obtained his medical education nt the Harvard Medical School, having been graduated m

1895 with ^ch men as Elliott Joslin, Amory Codman, and Harvey Cushing. He then became a Surgica

House Officer at the Massachusetts General Hospital. There he became interested in orthopaedic sur

gery, which he practised thereafter up to the day of his death.

Early in his career he became interested in medical literature, later devoting much of his time to i •

In 1901 he was co-author, with Dr. Goldthwait and Dr. Osgood, of the book. Diseases oj the Bones an

Joints.
, ,

At first, he taught both at Harvard and Tufts Medical Schools. Concentrating his attention

Tufts, he became, in 1913, Dean of the Medical School and Professor of Orthopaedic Surgery, posi mD-

which he held until he resigned in 1922.
.
„

He served for many years as Chief Orthopaedic Surgeon to the Carney Hospital; and, during o
^

War I, he served as Orthopaedic Surgeon to the Chelsea Naval Hospital. At one time he was

paedic Surgeon to the Robert Breck Brigham Hospital and the House of the Good Samantan.

last years of his practice he held the position of Orthopaedic Surgeon to the Beth Israel

the Massachusetts WomeWs Hospital. At one time he wms Professor of the History of i e

Tufts Medical School, a subject in which he was greatly interested. For many jmars he was a m

of the Medical Committee of the Industrial School for Crippled and Deformed Children.

In 1899 he was elected to membership in The American Orthopaedic Association, eco

President in 1916. from

As a member of the Editorial Committee of The American Orthopaedic Associ

" Journal, the publication
through 1914, Dr. Painter gave freely of his time and interest to The
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treatment or fractures of the femur with skeletal traction

Fig. 3-B

Shows knee flexion possible with traction being maintained. (Photograph by V. S. Army
Signal Corps.)

m t-i

Fig. 3-C

Patient is shown, actii-ely e.xercising his quadriceps. (He is able to lift the leg against gravity
eight weeks after the fracture.) (Photograph bp U. S. Armp Signal Corps.)
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News Notes
THE AMERICAN ORTHOPAEDIC ASSOCIATION

The Annual Meeting of The American Orthopaedic Association will be held at Hot Springs, Virginia

June 27, 28. 29, and 30, 1947, under the presidencj'- of Dr. LeRoj^ C. Abbott. Headquarters will be at The
Homestead Hotel.

The tentative program as prepared b3’- the Program Committee is as follows;

Friday, June 27

Morning Session

The Primaiy Suturing of Compound Fractures Including Internal Fi.vation, Skin Graft, Compiession

Dressings and Other Salient Features.

Arthur Davis, M.D., Erie, Penns3dvania.

The Management of Venous Thrombosis of the Extremities.

Daniel C. Elkin, M.D., Emoiy Universit3'', Georgia (b3^ invitation).

A New Approach in the Surgical Treatment of Lymphoedema of the Extremities.

H. B. Mace3q M.D., Temple, Texas.

Bone Marrow and Blood Studies in Multiple M3mloma and Certain Other Skeletal Lesions.

Ernest H. Falconer, M.D., San Francisco, California (b3^ invitation).

Bone and Joint Changes in Hemophilia.

Ralph K. Ghormle3q M.D., Rochester, Minnesota.

Internal Fixation for Lumbar Spinal Fusion Operations.

Don King, M.D., San Francisco, California.

'loon

:

Executive Session.

fternoon Sessioii

The Painful Shoulder—Observations on the Role of the Tendon of the Long Head of the Biceps

Brachii in its Causation.

Harold H. Hitchcock, M.D., Oakland, California;

C. H, Bechtol, M.D., Oakland, California (b3’- invitation).

A Preliminaiy Report on the Evaluation of Modifications of the Bankart Procedure for Recurrent

Dislocations of the Shoulder Joint.

Joseph B. Josephson, M.D., Philadelphia^ Pennsrdvania (b3' invitation) ;

Jesse T. Nicholson, M.D., Philadelphia, Penns3dvania.

Extra-Skeletal Ossification Simulating Sarcoma.
Howard Hatcher, M.D., Chicago, Illinois.

New Method for Fusion of Ununited Fractures of the Carpal Bones.

Paul B. Steele, M.D., Pittsburgh, PennS3dvania.

The Cineplastic Method for Upper-Extremitr^ Amputations.

Rufus H. Alldredge, M.D., New Orleans, Louisiana.

Pseudarthrosis in the Lumbosacral Spine.

Mather Cleveland, M.D., New York, N. Y.;

David M. Bosworth, M.D., New York, N. Y.

Saturday, June 2S

Morning Session
^

The Management of Comminuted Fractures of the Distal End of the Humerus Imohino

Elbow Joint.

John L. McDonald, M.D., Toronto, Ontario, Canada.

Fractures of the Capitellum Humeri.

John C. Wilson, M.D., Los Angeles, California.

Homografts in Orthopaedic Surger}^.

M3n-oa 0. Hemy, IM.D., Minneapolis, Minnesota.

Congenital Pseudarthrosis; Follow-up Studr* after Massii'e Bone-Grafting.

Harold B. Bo3^d, M.D., Memphis, Tennessee.

Surgical Treatment of Intractable Plantar Warts.

James A. Dickson, M.D., Cleveland, Ohio.

- the journal of bone and joint sincER



A METHOD OF OFFSETTING THE EXTERNAL ROTATION OF

LIMBS IN TRACTION

BY nOBKRT M. BOSK, M.D., NEW OBbEANS, bOUISIANA

From the Dcimrl7))cni nj Orthoimcilics, Louisiana Slate ILnvcrsily Medical School and

(he Loumana State Charity Hospital, New Orleans

In treating fractures of the hip region by traction, it is often found that tlie leg and

foot fall into a position of external rotation. This may be difficult to overcome, and per-

manent deformity will persist if healing occurs while the limb is in this position.

This tendency of a limb to rotate externally may be overcome by utilizing the un-

winding effect of the leg wrapping, through traction applied to it, as shown in Figure 1.

Fig. 1

When the elastic bandage is applied over the adhesive used for the skin traction, the band-

age is wrapped in such a manner that it conies from beneath the leg to the outer side and
then up over the anterior surface. The limb is wrapped from the ankle to just below the

knee, and then distally to just below the belly of the calf. About six feet of bandage should

remain. This is doubled, so that the free end is caught beneath the succeeding turns.

The doubled portion of the bandage should have at least two full turns about the leg, and
the free end should come up on the outer side. A triangular wire frame is then slipped

through the loop of bandage, and two or three pounds of traction is placed upon it. This

rotation force will be found to balance the leg in a normal position.

There are two precautions to be observed: First, the last turn must not be allowed to

pass over the peroneal nerve, where it ci'osses the fibula, or the patient will complain of

pain in his foot; and, second, the doubled traction loop should be of sufficient length to

prevent its being pulled out.

This is a simple expedient which has been used effectively in over thirty cases. It over-
comes the undesirable tendenej"- of limbs in traction to rotate externally, and does not
complicate or interfere with other traction.
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AIVIERICAN BOARD OP ORTHOPAEDIC SURGERY

The American Board of Orthopaedic Surgeiy will hold its next examination—Part II—in Cliic.wo
Illinois, on Januarj' 22 and 23, I94S.

The deadline for receipt of completed formal application and application fee is September 15, 1917.

Letters of request and applications received after this date cannot be accepted.

Correspondence and applications related to Part II of the examination should be sent to the Secre-

tar3' of the American Board of Orthopaedic Surgery, Dr. Francis M. McKeever, 1136 West 6th Street,

Los Angeles 14, California.

The American Rheumatism Association pursuant to its plans, which were interrupted by tlie War,

to hold a Congress of La Ligue Internationale conti-e le Rhumatisme in the United States during 1910.

is now aimouncing to all members its desire to sponsor an International Congress for Rheumatic Dis-

ease in the United States in 1949. The time and place will be determined later, but will be approxi-

mately contemporaneous with the Annual Convention of the American Medical Association.

The desperate and continued need for American publications to serve in the phj^sical and intellectual

reconstruction abroad has been made apparent bj' appeals from scholars in man}^ lands. The American

Book Center for War Devastated Libraries is making a renewed appeal for American books and peri-

odicals,—for technical and scholar^ books and periodicals in all fields and particularly for publications

of the past ten j’-ears. Espeeiall}’’ welcome are complete or incomplete files of The Journal. All contribu-

tions should be shipped to the American Book Center, care of The Library of Congress, Washington 25,

D. C., freight prepaid. Those interested ma3'' write to the Center for further information.

The University of Rochester School of Medicine and Dentistry in cooperation with the New York

State Health Department and the National Foundation for Infantile Paralysis announces the establish-

ment of a rehabihtation hospital for spastic children. This hospital will serve as a pilot plant for investi-

gation and treatment of cerebral palsy for the state and nation. It is expected that the hospital will be

located in LeRoj', New Y^ork, where an extensive tract of land has been offered to the University, with

a spacious residence which can readiW be adapted to use as a hospital. The project will serve as a center

of training for the various tj'pes of personnel concerned with the treatment and care of cerebral pal^

patients throughout the State of New Y'ork and the nation. It is hoped that the hospital will be in

operation b}’ next summer.

The Committee on Aidificial Limbs of the National Research Council is supporting a program o

research and dex’elopment in the fitting of artificial limbs with suction sockets for above-the-knee

amputees. The suction method of securing the artificial leg to the stump, although the subject o a

United States patent in 1863, was apparently not used extensix’eL’’ until about seventy j'ears later, xmcn

German limb makers began fitting such limbs to patients. Man}^ successful cases w'ere observed in ec

manj' in 1946 by members of the Arm.v Surgeon General’s Commission on Amputations and

The Committee has secured the cooperation of a number of limb manufacturers in various par -

the countrj' in exploring the problem. Bj' experimenting in several geographical locations it is hope

determine the effects of climate on the wearing of such limbs. Each manufacturer wall hax e
_

as consultant an orthopaedic surgeon appointed by the Committee. All technical information m p

session of the Committee is being made available to the manufacturers.

A preliminarj’’ report will be prepared by the Committee as soon as sufficient data ba\e

tained and analj^zed. The Committee has not approved the method for general use. Patients to

should be selected onL' under the supervision of a competent surgeon, and thex' should re a.-..ure

the limb fitter is thoroughlj- informed about the fitting and construction of suction .sockets.

THE AMERICAN ACADEMY OF ORTHOPAEDIC SURGEONS

Tim Fourteenth Annual Conxmntion of The American Academy of Orthopaedic
yp

t the Palmer House, Chicago, Januarj’^ 26, 27, 28, 29, and 30, 1947, under
' y- program,

’homson. The Convention was the largest in the historj^ of The ^
, ,„r£re' audiences.

Tim

nder the chairmanship of Dr. Charles N. Pease, was well arranged and attracted large

f-f-pcunT
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Tlic patient is now ready to undergo whatever hip-fixation operation the surgeon

intends to perforin, such as that involving the use of the Smith-Petersen nail.

It has been the habit of the writer to carry out this procedure, using the apparatus

described, with only the assistance of a nurse. Ilis sterile, gowned arms are covered with

sterile ether stockings until reduction of the fractured hip has been effected; then the

stockings are discarded and he proceeds with the driving in of the Smith-Petersen nail.

A jMODIFICATION OF THE BLADE-PLATE FOR THE TREATMENT
OF INTERTROCHANTERIC FRACTURES OF THE HIP

BY ROBERT GLEN BRONSON, M.D., MINNEAPOLIS, MINNESOTA

From the Orthopaedic and Fracture Service, Minneapolis General Hospital

One of the problems associated with the use of

the blade-plate has been that of introducing the

blade in such a way as to place it accurately in a

predetermined position in the femoral neck, par-

ticularly in the anteroposterior plane.

A simple solution of that problem, which has

proved consistently satisfactory, is the modification

of the blade-plate shown in Figure 1.

A longitudinal groove is made down the middle

of the superior surface of the blade; the depth of the

groove is approximately three-fourths the diameter

of the guide wire to be used, and its width just great

enough to allow easy motion of the guide wire

through it. Heavy Kirschner wire is used for the

guide wire, which is graduated in centimeters to al-

low a relatively accurate determination of the neces-

sary blade length.

The guide wire is introduced through the center

of the narrow, transverse linear defect, chiseled in

the lateral cortex beneath the greater trochanter.

The blade is then placed beneath the guide wire
which fits snugly into the groove along the entire

length of the blade, the wire being held in the

groove by the pressure on it from above by the
superior edge of the transverse defect, through
which the blade is to be driven. The blade is driven
in with a simple lug driver, in order that the blade
may be perfectly free to follow the direction of the
guide wire.
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Aftemoon Session

Results of Recent Studies and Experiments Concerning Internal Fixation of Fractures witli Idefal^

Charles S. Venable, M.D., San Antonio, Texas;

Walter D. Stuck, M.D., San Antonio, Texas.

Discussion: J. Albert Ke3^, M.D., St. Louis, Missouri;

Leonard Peterson, M.D., Washington, D. C.;

Clay Raj" Murray, M.D., New York, N. Y.;

Walter D. Stuck, M.D.

The Iliac Apophj"sis : An Invaluable Sign in the Management of Scoliosis.

Joseph C. Risser, M.D., Pasadena, California.

Discussion: William H. Von Lackiim, M.D., New York, N. Y.;

Francis E. West, M.D., San Diego, California;

Alvia Brockway, M.D., Los Angeles, California;

Joseph C. Risser, M.D.

Anterior Tibial Tendon Transposition in Recurrent Congenital Club-Foot.

George J. Garceau, M.D., Indianapolis, Indiana;

K. R. Manning, M.D., Indianapolis, Indiana.

Discussion: Hiram Kite, M.D., Atlanta, Georgia;

Charles W. Peabodj", M.D., Detroit, Michigan;

Eben W. Fiske, M.D., Pittsburgh, Pennsjdvania

;

George J. Garceau, M.D.

Arthroplastj" of the Hip for Congenital Dislocation in Children.

Paul C. Colonna, M.D., Philadelphia, Pennsjdvania.

Discussion: C. H. Crego, M.D., St. Louis, Missouri;

C. R. Rountree, M.D., Oklahoma City, Oklahoma;

Paul C. Colonna, M.D.

Coxa Plana.

M. B. Howorth, M.D., New York, N. Y.

Discussion: A. Bruce Gill, M.D., Philadelphia, Pennsjdvania;

M. N. Smith-Petersen, M.D., Boston, Massachusetts;

George Hammond, M.D., Sajne, Pennsjdvania;

M. B. Howorth, M.D.

Wednesday, January 29

Morning Session

Growth of the Lower Extremity Affected bj" Anterior Poliomyelitis; Experiences in Equalizing Dis-

crepancies by Epiphj"seodesis.

William T. Green, M.D., Boston, Massachusetts;

Margaret Anderson, M.S., Cambridge, Massachusetts (by invitation).

The Effect of Roentgen Irradiation on Epiphj"seal Growth. Experimental Studies upon the Dog.

J. A. Reidj", M.D., Boston, Massachusetts;

Joseph S. Barr, M.D.. Boston, Massachusetts;

James R. Linglej", M.D., Boston, Massachusetts;

Edward A. Gall, M.D., Boston, Massachusetts.

Discussion of the foregoing papers:

Edward L. Jenkinson, M.D., Chicago, Illinois (by invitation)

,

Frederic C. Bost, M.D., ,San Francisco, California;

J. Warren White. M.D., Greenville, South Carolina;

Dallas B. Phemister, M.D., Chicago, Illinois;

William T. Green, M.D.

Presidential Address.

J. E. M. Thomson, M.D., Lincoln, Nebraska.

Subtrochanteric Osteotomj" in the Mobile Hip Controlled bj" the V'ell-Leg Traction Spin

J. Warren White, M.D., Greenville, South Carolina;

J. H. Turkell, M.D., Greenville, South Carolina.

Discussion: Herman C. Schumm, M.D., Milwaukee, Wisconsin;

Robert G. Packard, M.D., Denver, Colorado;

J. Warren White, M.D.

Our Experience in Treatment of Fracture of the Neck of the Femur.

Jose Luis Bado, M.D., Montevideo, Uraguay (by invitation).
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designs arc being prepared, niilizing several sourees of power. The Commiltco hopc.s to develop a

lightweight hand, at least as nscfnl as the hook, with a .satisfactory natural appearance. In addition, it

hopes to make iinprovcincnts in cosmetic covering. Several developments in the field of prosthc.se.s for

the arm and hand are in progre.«s. One of them is a hand which is operated by hydraulic cylinders. The

power supply for the hand comes from an ingeniou.sly designed pump mechanism, which is operated by

the foot. [A unilateral amputee demonstrated a working model of this hydraulic mechanism, attached

to a miracle hand.]

Waterproof foot and ankle constructions of light weight are being developed. Several approaches

to the problem of the knee lock for an artificial leg include both mechanical and hydraulic methods

with a variety of controls. Exhaustive fundamental studies for all of these problems were made on the

mechanics of walking and on the hand and arm motions required in daily life. A recent design of a

hydraulic knee lock, not yet in its perfected stale, has been developed by one of our .subcontractors, [This

new hydraulic knee lock was demonstrated to show how closely natural walking had been simulated.]

In a phase of its cooperation with the limb industrjq the Committee is engaged in an extensive

program concerned with the development and reintroduction of the suction socket, originally an Ameri-

can invention at the time of the Civil War and widely used abroad for the past few years. The Army

Surgeon General’s European Commission on Amputations .and Prostheses, of which Dr. Leonard T.

Peterson, Dr. Rufus Alldredge, and the speaker were members, made an extended tour through European

countries last spring to stud5’ and appraise the prosthetic devices being used by other peoples of the

world. The suction-socket method of holding an artificial leg to a stump by means of a slight vacuum

inside the socket was one of the important developments found in Germ.any. This was pointed out in

the “Report on European Observations”. Cooperating with the Committee on Artificial Limbs in its

program of developing the suction socket are a dozen concerns, comprising commercial limb makers and

certain other subcontractors to the Committee. Extensive service tests and accumulation of scientific

data are in progress. An orthopaedic surgeon h.as been appointed by the Committee to act as a con-

sultant to each of the limb makers throughout the country who are participating in this program. A
surgeon and limb fitters on the staff of the Committee are also available for advice .and assistance. Based

on the experience thus far, there is every indication that the suction-socket method of fitting will prove

successful for selected cases. [An .above-knee amputee demonstrated an artificial leg, equipped with a

suction socket. No harnesses were used in conjunction with this artificial limb.]

The cineplastic method, creating skin-lined tunnels through muscles that control the motion of the

arm and hand, is being studied. This was observed principally in Munich, as done 53^ Professor Max
Lebsche. The program invoh'es surgeiy b}' the latest techniques, as well as the development of improved
prostheses. This procedure gives great promise of improving the dexterity of certain types of amputees.
Dr. Alldredge, with the cooperation of the office of The Surgeon General and of Dr. Rex L. Diveley, has

made a motion picture of two of the cineplastic operations, which has already been shown at this Meeting.

One model of the arm and hand prosthesis which has been developed for cinepl.astic amputees is in

the first stage of development. [The model was demonstrated.]

In the time allotted to this presentation, it has been possible to give onb'- a few of the high lights of

the extensive program of the Committee on Artificial Limbs. The Committee is keenl3>^ aware that, no
matter how successful the technical aspects of the work ma3’- be, the ultimate objectives will not have
been attained until the new and improved devices become generalb”^ available, through commercial
channels, to the thousands of amputees who might benefit by having them. The wa3^s and means of
accomplishing this are not the responsibility of the Committee on Artificial Limbs, since under the
National Research Council its functions are pureb"^ technical.

Several other problems that are not strietb’’ technical, but nevertheless highb" important, have come
to the attention of the Committee in the course of this work. I recognize the possibility that this bod.v
of orthopaedic surgeons is aware of them, but I do not want to let the opportunit3'^ pass of emphasizing
their importance.

It seems, to a layman like myself, unfortunate that, after the amputation has been accomplished
successfully, the amputee in most cases is no longer the concern of the surgeon. It seems equalb' un-
fortunate that, after recovery, he ma3" find himself in the hands of a limb fitter whose knowledge of the
anatom3' and fundamental mechanics of walking are far from profound. Much remains to be done for
the unfortunates who have lost limbs, to help each in obtaining the best possible prosthesis for his
particular case and to see that he is given ever3' possible assistance in developing the use of the jrros-
thesis so that it may approximate the normal functions as closely as its technical limitations permit.
I am not prepared to sa3" whose obligation it is to suppb^ what is obviousb’^ missing. There is a suggestion
of a possible solution, however, in observations which members of The Surgeon General’s Commission
made in Furore, where in some places orthopaedic surgeons concerned themselves exclusivebv with the
proper fitting of limbs and training of amputees. One fact is particularly clear: AVe are not fulfilling our
responsibility towards the amputee, unless we do more than provide him with a mechanical appliance
that will substitute for a normal member.
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Discussion of the foregoing papers:

Sterling Bunnell, M.D., San Francisco, California;

George Phelan, M.D., Cleveland, Ohio (by invitation)

;

L. G. Howard, M.D., Boston, Massachusetts;

Walter Graham, M.D.

Executi^-e Sessions were held on Tuesday noon and on Thursday noon. The Annual Dinner was
held on Wednesday evening. Brief addresses were given by General Hawley, and by the foreign gnests:

Professor Mudr. Bedfich Frejka of Czechoslovakia, Professor Jose Luis Bado of Urugua}^ and Sir Rcn-
nald Watson-Jones of London. The presidential medallion was presented to President Thomson by
Past-President Mumfbrd.

At this dinner the awards for scientific exhibits were made, as follows:

Class I

:

For Originality'^ of Presentation.

1. John J. Fahey, M.D., and Michael De Cosola, M.D., Evanston, Illinois, “Pathologj^ of the

Shoulder after Experimental Dislocation at Autopsy”.

2. J. Warren White, M.D., Greensboro, South Carolina, “Automatic Reciprocating Vacuum

Dermatome”.

3. Dana Street, M.D., Memphis, Tennessee, “Plastic Braces”,

Class II

:

For Scientific Value.

1. Joseph S. Barr, M.D., Boston, Massachusetts, “The Control of Epiphyseal Growth by

Roentgen Irradiation”.

2. Robert M. O’Brien, M.D., St. Louis, Missouri, “Polyostotic Fibrous Dysplasia of Bone”.

3. Paul C. Colonna, M.D., and Roy Peck, ML)., Philadelphia, Pennsylvania, “Metastatic

Lesions in Bone”.

Class III

:

For Clinical Value.

1. J. A. Dickson, M.D., and Royston Miller, M.D., Cleveland, Ohio, “High Geometric Oste-

otomy for Ununited Fractures”.

2. J. E. Milgram, M.D., Brooklyn, N. Y., “Technique for Operative Restoration of Extensor

Gliding Mechanisms of the Major Joints”.

3. Austin T. Moore, M.D., and Joseph E. Brown, M.D., Columbia, South Carolina, “The Un-

stable Spine and Disc Protrusions: Treatment with Self-Locking Prop Bone Graft”.

The following awards were also presented for Audio-Visual presentations:

Surgeon General Norman T. Kirk, M.C., U. S. A., for films produced under his direction by th

War Department—Certificate of Merit.

Paul C. Colonna, M.D., for his film, “Arthroplasty of the Hip for Congenital Dislocation ii

Children”—Certificate of Merit.

Ralph K. Ghormley, M.D., for his film, “Chondromatosis of the Knee”—Honorable Mention

Clay Ray Murray, M.D,, for his film, “Technique—Open Reduction—^Imng Bone Fracture -

Honorable Mention.

At this dinner diplomas were presented to the following newly elected Fellow's by President J. E. M

Thomson and Dr. J. Warren White, Chairman of the Membership Committee.

Carroll Omar Adams, M.D., Mason City’-, Iowa

W. Compere Basom, M.D., El Paso, Texas

Ernst W. Bergmann, M.D., New York, N. Y.

Ernest H. Bettmann, M.D., White Plains, New York.

Joseph H. Boland, M.D., Atlanta, Georgia

David Molley Camerson, ML)., El Paso, Texas

Parker C. Carson, M.D., Springfield, Massachusetts

Santino J. Catanzaro, M.D., Mt. Vernon, New York

M. Melvin Clark, M.D., Rochester, New York

Bernard N. E. Cohn, M.D., Denver, Colorado

John Joseph Crowley, M.D., Lymn, Massachusetts

Joe B. Davis, M.D., Portland, Oregon

Eliot M. Friedman, M.D., Utica, New York

Kilian F. Fritsch, M.D., St. Louis, Missouri

William Edwin Gazeley, M.D., Schenectady, New York

Gerald George Gill, M.D., Oakland, California

Walter Henry Hagen, M.D., Billings, Montana

Harry B. Hall, ML)., Minneapolis, Minnesota

George B. Higley, M.D., Memphis, Tennessee

Ben L. Hull, M.D., Altoona, Pennsylvania

Clarence William Hullinger, M.D., Springfield, Ohio
^
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was then the function of that Committee. From 1937 to 1944, he was a member of the Board of Associ-
ate Editors; and for seven months following the death of Dr. Murray S. Danforth, in June 1943, he
served as Acting Editor of The Journal of Bone and Joint Surgery. During all these years he contributed
richly to the growth and development of The Journal, both in the editorial work and later as adminis-
trator and counsellor.

Besides all these activities, he became Librarian of the Boston Medical Library, a position he held
for eight years. In 1940 he assumed the editorship of the Year Book of Industrial and Orthopedic Sur-
gery, which became valuable as a critical review of each year’s important literature on these subjects.
His choice of subjects for review, clearness of expression, fair and judicial comments on the new and
controversial reports were of great i-alue, coming as tliej' did from one who had had so many years of
contemplative and surgical experience.

As a person he was delightful,—modest, with a strong sense of humor, one who was a good com-
panion and full of common sense. He will be missed b3' his manj’ friends and as'^ociates. Orthopaedic
surgerr- has lost a great scholar.

VOL. 29, XO. 2, .\PRIL 1;MT



Current Literature

Pexicillix. Its Practical Applicatiox. Under the General Editorship of Professor Sir Alexander PJem-
ing, M.B., B.S., F.R.C.P., F.R.C.S., F.R.S. Philadelphia, The Blakiston Compan}^ 1946. S7-00.

The volume consists essentialb'- of a series of articles designed to present penicillin therapy as prac-

tised in Great Britain during the first half of 1946. It gives the views of many experienced and eminent
men who hai’e worked with penicillin in Great Britain, some of whom may not be known to American
ph3-sicians. It might have been greatly modified if written by American authors, b5^ virtue of the wider

application and the larger doses used, owing to the more plentiful supply and lower cost of the agent in

this countiy. This is to be expected, as Fleming points out in the Preface, where he states: “The guiding

rule is to gii’e enough
; it is much better to give more than enough than to give too little”.

There are introductor3’' chapters on general aspects—namel}^, historj^ and development, chemistrj’

and manufacture, pharmae3% pharmacolog3% bacteriological controls, and methods of administration—all

written in simpie and readable Jangnage. There follow eighteen chapters on the use of penicUlm in

various specific diseases or in general t3^pes of conditions and situations. More than half of them refer

to surgical uses. Of particular interest to readers of The Journal are the separate chapters dealing with

proph3dactic use, wounds and gas gangrene, burns and plastic surgeiy, orthopaedic surgeiy and fractures,

osteomyelitis, and hand infections. As might be e.xpected, some of the contributors have leaned rather

heavib* on their own experiences and those of their British confreres, and have omitted reference to, or

ei'en an3' consideration of, the man3' i-aluable American contributions. The reader ma3', therefore, find

man3' points of view different from those to which he has become accustomed from reading the American

literature. iMan3^ of the chapters, however, are personal and intimate presentations, and the3^ are vei

readable and highb' practical. The3’’ should be of considerable i-alue as a reference guide to physiciar

and surgeons in man3’- fields, perhaps a little more to British than to Americans.

A concluding chapter on “Penicillin and the General Practitioner” gives a simple and brief surre)

with a classified bibliograply' to supplement the references quoted in the individual chapters.

CoxDUCTiox Axesthesia. Clinical Studies of George P. Pitkin, M.D., F.A.C.S., F.I.C.A. Edited b;

James L. Southworth, M.D., and Robert A. Hingson, M.D. Philadelphia, J. B. Lippincott Compan}

1946. SIS.OO.

The need for a book which would give the principals and techniques of regional anaesthesia has bcei

felt for some time. The present volume, based upon the stud3' and experience of Dr. George P. Pitkm

includes not onb' the material collected and prepared b3'' him, but also chapters b3' the editors and bj

eight collaborators on phases of the subject upon which each is especialb'' qualified to write. The resu

is a gratif3’inglv complete treatise on the subject.

Approximateb' the first quarter of the book consists of a discussion of the anatom3^ of the nenou.

S3'stem. This section contains man3" illustrations, of which those of the innervation of the abdomina

viscera are perhaps the most noteworth3L Tlie ensuing chapters on the pharmacolog3', principles, anc^

instimments of conduction anaesthesia are of great value to an3mne wdio contemplates employing >

method. .

The remainder of the book consists of descriptions of the technique of specific blocks, am

indications for their use. These descriptions seem to the reviewer admirabb^ clear and easy to o

The3' are supplemented b3" man3' exceptionalb' fine illustrations. ^
On the whole, this book is a notable addition to the literature, and will be of great value to suio£

and anaesthesiologists alike.

IxJUKiES OF THE KxEE JoixT. I. S. Smillie, O.B.E., M.B., F.R.C.S.(Ed.), F.R.F.P.S. Baltimore,

IVilliams and Wilkins Company, 1946. S9.00.
^

Although Smillie 's extensii-e experience with disorders of the knee joint was gained piimarib

he was in charge of an orthopaedic unit in a Base Hospital during World War II, the

are, with the exception of war wounds, those which civilians incur in the courp of theii
„cll

The book contains a comprehensive survey of the various injuries to which the knee is

Pip

as a discussion of their treatment—including the technique of operative repair and ^ common

results. Bv far the greatest emphasis is placed upon injuries of the menisci, which are

derangements of the knee joint. The various meniscus operations are described, wi

‘'‘“'^irgSerahThe book is written from a practical, rather than a "cll.

ind conci=e and the various lesions and operative procedures mentioned are illu.

.toint sunotm
r.rt-v'r iX'D
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Operation to Coned (lie Valgus Deformity Resulting from Pott’s Fracture.

E. Bishop Mumforcl, M.D., Indianapolis, Indiana.

An Evaluation of Penicillin Therapy in Acute Hematogenous Osteomyelitis.

W. A. Allemeier, M.D., Cincinnati, Ohio (hy invitation).

Acute Hematogenous Osteomyelitis. A Study on Treatment.

I. William Nachlas, M.D., Baltimore, Maryland.

Sunday, Juki: 29

Moriiing Session

Certain Features of the IMcchanics of the Hip Joint.

Verne T. Inman, M.D., San Francisco, California (by invitation);

J. B. deC. M. Saunders, M.D., San Francisco, California (by invitation).

Cartilaginous Cup Arthroplasty.

John R. IMoore, M.D., Philadelphia, Pennsylvania.

Muscular Torticollis.

Fremont A. Chandler, M.D., Chicago, Illinois.

The Nitrogen Content of Bone. A Laboratory Stud3'.

L. J. Strabino, M.D., Wilmington, Delaware (bj' invitation)

;

A. R. Shands, Jr., M.D., Wilmington, Delaware.

Experimental Intervertebral-Disc Lesions.

J. Albert Kej’', M.D., St. Louis, Missouri;

Lee T. Ford, M.D., St. Louis, Missouri (bj' invitation).

Overlap Bone Operation for Malunions and Persistent Non-Unions of Fractures of Both Bones of

the Forearm.

J. Warren White, M.D., Greenville, South Carolina.

Presidential Address.

LeRoj' C. Abbott, M.D., San Francisco, California.

Morning Session

Monday, June 30

Follow-up Studies in Congenital Dislocation of the Hip.

Alan DeForest Smith, M.D., New York, N. Y., Chairman.

Embrj'olog3' of the Hip with Etiolog3^ and Pathology of Congenital Dislocation.

Carl E. Badgle3', M.D., Ann Arbor, Michigan. .

Congenital Dislocation of the Hip with Treatment Prior to the Age of Eight Years.

Report of Results of Treatment of Congenital Dislocation of the Hip in Infanc3^

Frederic C. Bost, M.D., San Francisco, California;

Helen Hage3’-, M.D., San Francisco, California (by invitation)

;

Edwin R. Schottstaedt, M.D., San Francisco, California (by invitation).

Report of Results of Treatment of Congenital Dislocation of the Hip Prior to the Age of Eight

Years.

C. H. Crego, Jr., M.D., St. Louis, Missouri.

Report of Results of Treatment of Congenital Dislocation of the Hip.

Wallace H. Cole, M.D., St. Paul, Minnesota.

Late End-Result Studies of Treatment of Congenital Dislocation of the Hip.

A. Bruce Gill, M.D., Philadelphia, Penns3dvania.

Follow-up Studies and Additional Observations in Primary Anterior Congenital Dislocation of

the Hip.

H. R. McCarroll, M.D., St. Louis, Missouri.

Congenital Dislocation of the Hip with Treatment in Older-Age Group.
Report of Results of Treatment of Congenital Dislocation of the Hip b3’^ Osteotom3'.

Herman C. Schumm, M.D., Milwaukee, Wisconsin.

Report of Results of Treatment of Unilateral Congenital Dislocation of the Hip b3' Arthrodesis
Charles J. Fr.ankel, M.D., Charlottesville, Virginia (b3’ invitation).

Report of Results of Treatment of Congenital Dislocation of the Hip b3' Vitallium-Mold
Arthroplast3\

M. N. Smith-Petersen, M.D., Boston, Massachusetts.

A^oon: Final Executive Session.
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Then follow individual sections on the process in the forearm, the humerus, the clavicle, the tibia

and the femur. A second chapter deals onl}’- with extracapsular fractures of the neck of the femur, and
the third and last chapter, with intracapsular fractures. There are man}^ illustrations and roentneno-

graphic reproductions, and a complete bibliography at the end of each chapter.

Readers of The Journal will find Dr. Soeur’s preliminar5’- report on this subject in the April 1946

issue, page 309.

Die REraRDix-PuASTiK. Dr. Raimund Wittmoser. Vienna, Wilhelm Maudrich, 1946. S7.00.

Perusal of Die Reverdin-Plaslik, b3’’ Dr. Raimund Wittmoser, will disappoint many American

readers, because the method emphasized in this exliaustive treatise on skin transplantation has largely

been discarded in this country. Sheets of skin, removed with a knife or a dermatome, have been preferred

because Reverdin grafts do not provide so firm a surface for bearing weight ; they give a mottled appear-

ance to the grafted area
;
and the donor sites of such grafts are most unsightly. Little mention is made

of these cosmetic considerations in the text.

The first section of the book deals with the general topic of skin transplantation from the scientific

point of view. This section is illustrated with drawings and photomicrographs. Most of the remainder of

the book deals with clinical applications. There are numerous illustrations of lesions in all parts of the

body, closed primarily'- or secondarily with Reverdin grafts. The details of technique are discussed at

some length. A final section is concerned with a statistical analysis of the results.

The thoughtful reader of this book will find it very revealing as regards developments in plastic

surgery”- in the past fifteen to twenty years, for the newer techniques of skin transplantation have almost

completely outmoded the Reverdin method. The value of this book lies in the discussions of the -n-ound

management before and after operation, and in the emphasis on the indications for grafting.

The Medical Annual. A Year Book of Treatment and Practitioner’s Index. Editors: Sir Henry

Tidy, K.B.E.. M.A., M.D. (Oxon.), F.R.C.P., and A. Rendle Short, M.D., B.S., B.Sc., F.R.CS.

Bristol, England, John Wright and Sons Ltd., 1946.

This edition, for the sixty--fourth year that the British Medical Annual has been published, is quite

similar to those which have preceded it each year. It consists of 426 pages with forty-six colored plates

and numerous figures which amply illustrate the text. Forty-seven of the leading physicians of the

British Isles have made contributions to the numerous subjects which appear in the book. The first

386 pages give a review of the year’s work in medicine and surgery in England. The remaining pages

discuss new preparations and appliances, and new books of the year.

Following its usual policy, the 1946 Medical Annual is most comprehensive in the variety of t^ c

subject matter which it contains. Much may be found in its pages of interest to the physician, be

general practitioner, internist, or surgeon. Due to the excellent general index, the Annual will prove

special value as a reference book.

Myasthenia Gravis. Dr. Adelberto R. Goni. Translated by Georgianna Simmons Gittinger. Baltimc

The Williams and Wilkins Company, 1946.

Mymsthenia gravis is a disease affecting the voluntary muscles,—principally^ those concerned -v

moving the eyes, talking, chewing, and swallowing. In some cases, a similar weakness appears in t le ne

muscles and in the general body musculature.
_ f f I

The chief symptom is one of easy fatigue with restoration of function after a period o ’

disease appears to be due to a dy'sfunction in the transmission of the nerve impulse to the muse e a^

symapse. Prostigmine, taken either by mouth or by injection, overcomes the disability in large par

,

the time being.
_ , rature

The disease is relatively rare; and no sy'^stematic account of it has appeared in the i e

^

recent ymars, until the author’s book, originally”- written in Spanish and published in Buenos ire

recently’- translated into English. Goni reports in some detail thirteen cases, obseive

Buenos Aires and it's vicinity
;
and reviews the literature of myasthenia gravis, paydng par icu

^

tion to the clinical and pathological aspects of this symdrome. The monograph is thus up o

contains an extensive list of references to the current literature.
nicture

The translation into English is occasionally faulty. The text, nevertheless, gives a goo

the disease.

CORRECTION

• Acknowledgment is made of a typographical error in the abstract of an article
(28: S!

tion Stump in Health and Disease, by F. G. St. Clair Strange, which appeared
inch

Oct 1946). The last clause of the first paragraph should read: “and (4) above

from the tip of the acromion with the arm at the side”.

THE JOURNAL OF BONE AND JOIN
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Instructional Courses, under the clinirmauship of Dr. Waller P. Blount, provided a wide choice and

were well attended. The Scientific Program was arranged by the Program Committee, of which Dr.

Harold B. Boyd was Chairman. This was presented on the afternoon of Monday, January 27, and at

the morning and afternoon sessions of Tuesday and Wednesday, and at the morning session on Thursday,

January 30, as follows:

Monday, .Tanuady 27

Ajtcrnoon Session

Treatment of Ununited Fractures by Onlay Grafts AVithout Screw or Tie Fixation.

Dallas B. Phemister, M.D., Chicago, Illinois.

Bone Grafts, an End-Result Study of the Healing Time.

AA’’. A. Bishop, Jr., M.D., Phoenix, Arizona;

Richard C. Stauffer, M.D., Fort AA^ayne, Indiana;

Captain Alvin L. Swenson, M.C., A. U. S.

A Method Combining a Bone Graft and a Metal Plate in Non-Union of Long Bones.

G. Mosser Taylor, M.D., Los Angeles, California.

Discussion of the foregoing papers;

Surgeon General Norman T. Kirk, M.C., U. S. A.;

George 0. Eaton, M.D., Baltimore, Maryland;

Dallas B. Phemister, M.D.

Some Unusual Clinical and Pathological Aspects of Trauma.

C. Fred Ferciot, M.D., Lincoln, Nebraska;

Frank H. Tanner, M.D., Lincoln, Nebraska (by invitation).

Discussion; Edwin F. Hirsch, M.D., Chicago, Illinois (by invitation).

Preliminary Report of the Committee on Prosthetic Devices.

Rufus H. Alldredge, M.D., New Orleans, Louisiana;

Paul E. Klopsteg, Ph.D., Chicago, Illinois (by invitation).

Morning Session

Tuesday, January 28

Slipping Epiphj’-sis in the Adolescent Hip.

Paul H. Martin, M.D., Jacksonville, Florida.

Malunited Displaced Upper Femoral Epiphysis. End-Result Study of Sixty-Five Cases Treated by

Osteotomy of the Surgical Neck with Internal Fixation.

Carl E. Badgley, M.D., Ann Arbor, Michigan;

John AA'^olgamot, M.D., Great Falls, Montana;
James Miller, M.D., Seattle, Washington;

Alvin S. Isaacson, M.D., Ann Arbor, Michigan.

Discussion of the foregoing papers:

Lewis Clark AA^'agner, M.D., New York, N. Y.;

Harold E. Crowe, M.D., Los Angeles, California;

Alan DeForest Smith, M.D., New York, N. Y.;

J. Albert Key, M.D., St. Louis, Missouri;

AVilliam T. Green, M.D., Boston, Massachusetts. •

Treatment of Congenital Dislocation of the Hip.

Professor Mudr. Bedfich Frejka, Brno, Czechoslovakia (by invitation).

Intertrochanteric Fractures of the Femur: A Survey of Treatment by Traction and Internal

Fixation.

Mather Cleveland, M.D., New York, N. Y.;

David M. Bosworth, M.D., New York, N. Y.;

Frederick R. Thompson, M.D., New York, N. Y.
Discussion: Rex L. Diveley, M.D., Kansas City, Missouri;

Paul L. Norton, M.D., Brookline, Massachusetts;
J. Albert Key, M.D., St. Louis, Missouri;

David M. Bosworth, M.D.;
Frederick R. Thompson, M.D.

Principles of Treatment of Multiple Limb Injuries.

Sir Reginald AA^atson-Jones, F.R.C.S., London, England (by invitation).
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Fig. 1-C Pig. i.d
photograph of hand in flexion. Patient has loss of fle.xor tendon to the index finger,

hig. 1-B: Tendon is stuck in sheath.

j
Range of tendon function after flexor-tendon graft with blocking of median nerve

and loiceful active freeing of tendon. The palmaris longus was used as a graft.

control of the distal two joints of the finger. There is a tendencj'' for the proximal intei-

phalangeal -joint to go into h3’’perextension, if the sublimis tendon is e.xcised too far distall} •

This tendenc}^ can be controlled b3'' fixing the stump of the sublimis tendon across the

proximal interphalangeal joint into the proximal phalanx, with the joint held in about lO

degrees of flexion. It has been suggested b3^ John R. Moore that, in highb^ specialized

personnel, where the laceration is distal to the pro.ximal interphalangeal joint, the subhmiJ

function can be retained and a graft can be extended to the distal phalanx and fixec

proximall3'’ to the stump of the profundus tendon, thus restoring the intricate mechanism

of the finger. This method has proved verx’- satisfactoiy. It is obvious that a flexor-ten on

THE JOURX.VL OF BOXE ASD JOIST sl'ROCT.
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Allcr)Won Session

Treatment, of Siiondylitis Deformans by Manipulation.

M. S. DoRoy, MD., Pittsburgh, Pennsylvania;

Harry Fisher, MD., Pitl.sburgh, Pennsylvania.

Diseussion: Robert W. .Tohn.son, M.D., Balliniore, Maryland;

Dennis S. O’Connor, M.D., New Haven, Connecticut;

Lenox D. Baker, M.D., Durham, North Carolina;

M. S. DeRoy, M.D.

Effect of Antireticidar Cytotoxic Serum on the Healing of Fractures. A Preliminary Report of a

Clinical Study.

Vernon Thompson, M.D., Los Angeles, California;

Frederic W. Ilfcld, M.D., Los Angeles, California;

John Grube, M.D., Los Angeles, California;

Reuben Straus, M.D., Los Angeles, California;

Moris Horwitz, M.D., Los Angeles, California.

Discussion; Francis M. McKcever, M.D., Los Angeles, California;

Vernon Thompson, M.D.

Veteran’s Problem.

Paul B. Magnuson, M.D., Washington, D. C.

Styloidectomy of the Radius in the Surgical Treatment of Non-Union of the Carpal Scaphoid.

Leonard Barnard, M.D., Oakland, California;

Major Sam G. Stubbins, M.C., A. U. S.

Discussion; Ralph Soto-Hall, M.D., S,an Francisco, California;

Edwin F. Cave, M.D., Boston, Massachusetts;

Leonard Barnard, M.D.

The Contact Splint. Addenda III. Experimental Study of Fracture Sites.

G. W. N. Eggers, M.D., Galveston, Texas;

William H. Ainsworth, M.D., Galveston, Tex.as (by invitation)

;

Norman Wright, M.D., Galveston, Texas (by invitation).

Discussion; Arthur G. Davis, M.D., Erie, Pennsylvania;

Harold E. Crowe, M.D., Los Angeles, California;

George J. Garce.au, M.D., Indianapolis, Indiana;

G. W. N. Eggers, M.D.

Morning Session

Thursday, January 30

Surgical Experiences with Injurj'' to the Clavicle.

Thomas H. Peterson, M.D., Boston, Massachusetts. ’

Discussion; E. Bishop Mumford, M.D., Indi.anapolis, Indiana;

Malcolm B. Hadden, M.D., Berkeley, California (by invitation).

Fusion of the Hip in Children—Chandler Method.
Charles N. Pease, M.D., Chicago, Illinois.

Tuberculosis of the Hip in Children.

H. Relton McCarroll, M.D., St. Louis, Missouri;

Robert D. Heath, M.D., St. Louis, Missouri.

Discussion; Robert Perlman, M.D., Cincinnati, Ohio;

H. D. Morris, M.D., New Orleans, Louisiana;

Joseph S. Barr, M.D., Boston, Massachusetts;

A. Bruce Gill, M.D., Philadelphia, Pennsylvania;
Gerald Gill, M.D., Oakland, California;

Charles N. Pease, M.D.;
H. Relton McCarroll, M.D.

Flexor Tendon Gr.afts to the Fingers and Thumb.
Walter C. Graham, M.D., Santa Barbara, California.

Tendinous Reconstruction of the Hand Following Irreparable Peripheral Nerve and Brachial Plexus
Injury.

Captain C. A. Luckey. kl.C.. A. U. S. (by invitation)
;

Captain S. R. McPherson, M.C., A. U. S. (bj' invitation).
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Fig. 3-A Fig. 3-B
Fig. 3-A: Shows loss of portion of fingers and thumb and of the flexor tendon to the little finger

Because parts of each of the other digits had been destroyed, the graft vs as applied to the little finger.

Fig. 3'B; Photograph shows e.xtension possible after operation.

for grafts. These tendons are nsually not so desirable,

because they have a tendency to fray. The peronaeus

longus or the tendon of the plantaris muscle may be used,

but one must bear in mind that a tendon which is too

large will become necrotic in the center and produce

more local reaction. In addition, it has a tendency to

adhere to the sheath. Occasionally a tendon from an-

other individual has been used, and has provmd satis-

factory.

The site of suturing a tendon graft is extremely im-

portant. The suture line should never be between the

proximal interphalangeal crease and the distal palmar

crease. Distally, the graft may be sutured to the stump

of the profundus tendon or into the distal phalanx at the

original insertion of the profundus tendon. Proxiniall},

the suture line should be located in the base of the palm

or above the wrist.

The proceduj’e of flexor-tendon grafting first includes excision of scar tissue and of t le

stump of the old tendon. In many cases, flaps are required to replace badly scarred areas.

The distal and proximal stumps of the lacerated tendon are freed with a tendon stripped'-

It is desirable to excise the distal portion of the stump and to thread the graft through 1

pulleys, thus eliminating the tendency for a few tendons to become bowstrung- We av

had better success when the graft is fixed distally by the Bunnell technique with pu

wire. Attempts to thread sutures back and forth through a short stump distallj

proved unsatisfactory. Proximalljq either the Bunnell technique with pull-out uire mA

bemsed, or an end-to-end suturing with silk may be done. The silk technique, as descn^^^

by Bunnell, has proved satisfactory, the suture line being wrapped with the sheat o

lumbricalis. In a flexor-tendon graft to the thumb, the graft is fixed distally
‘

^jnrr

out wire, and the proximal suture line is well above the wrist. If there is extreme s

'TTTrr rnTTnv t T -povr' totv
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William M. Krigstcn, M.D., Sioux City, Iowa

IDonovaii L. McCain, M.D., St. Paul, Minnesota

Leo Jamc.s McDermott, M.D., Portland, Maine

Frederick M, Marek, M.D., New York, N. Y.

George Miyakawa, M.D., Charleston, AVest Virginia

Manley A. Page, M.D,, Chicago, Illinois

Karl F. Pclka, M.D., Los Angeles, California

John F. Register, M.D., Greensboro, North Carolina

Fred C. Reynolds, M.D., St. Louis, Missouri

Richard C. Ritter, M.D., Pittsburgh, Pennsjdvania

Peter G. Shifrin, M.D., Detroit, Michigan

Chester Shinbach, M.D., Columbus, Ohio

Michael Skovron, M.D., Erie, Pennsylvania

Frank E. Slinchfield, M.D., New York, N. Y.

Fred Louis Slutlc, M.D., Peoria, Illinois

Alvyn Weiss Trainer, M.D., Cleveland, Ohio

Vernon C. Turner, M.D., Evanston, Illinois

Margaret Watkins, M.D., Dallas, Texas

I. Mark Zeligs, M.D., Cincinnati, Ohio

It was announced that the following were elected to Corresponding Membership on October 5, 1946:

Robert Merle D’Aubigne, M.D., Paris, France

Jacques Leveuf, M.D., Paris, France

Arnoldo Periera Rodo, M.D., Lisbon, Portugal

E. J. Kanan, M.D., Porto Alegre, Brazil

The following candidates were elected to Corresponding Membership on January 25, 1947

:

Alexander Gillies, M.D., AA^ellington, New Zealand

Guillermo De A^elasco Polo, M.D., Mexico City, Mexico
.

Alejandro Velasco Zimbron, M.D., Mexico City, Mexico

The following candidates were elected to Honorary Membership on January 25, 1947

:

Jose Luis Bado, M.D., Montevideo, Uruguay

Professor Mudr. Bedfich Frejka, Brno, Czechoslovakia

Sir Reginald AA''atson-Jones, r.R.C.S., London, England

The following members were transferred to Emeritus Membership on January 25, 1947

:

Roland Hammond, M.D., Providence, Rhode Island

Charles A. Reed, M.D., Minneapolis, Minnesota

Loring Swaim, M.D., Boston, Massachusetts

The officers of The Academy for 1947 are;

President: Rex L. Diveley, M.D., Kansas City, Missouri

President-Elect: Myron O. Henry, M.D., Minneapolis, Minnesota

Vice-President; Alan DeForest Smith, M.D., New York, N. Y.

Secretary; Harold B. Boyd, M.D., Memphis, Tennessee

Treasurer: Fremont A. Chandler, M.D., Chicago, Illinois

Librarian-Historian; Edward L. Compere, M.D., Chicago, Illinois

The Fifteenth Annual Convention will be held at the Palmer House, January 24-29, 1948, under the
presidency of Dr. Rex L. Diveley.

PATHOLOGICAL DIAGNOSTIC SERVICE

The American Academy of Orthopaedic Surgeons by yearly appropriation finances the Registry of

Orthopaedic Pathology, a constituent member of the American Registry of Patholog3^ The Registry is in

operation at the Army Medical Museum at present, but will soon be housed in the Institute of Pathology.
The Registry offers full, prompt diagnostic service by skilled men who are particularly interested in

skeletal pathology on all lesions of bones, joints, and muscles, including tumors. It also holds cases in
its files for follow-up in a very efficient manner.

Prepared specimens, gross or microscopic, should be sent by local pathologist or laboratory to:
Registry of Orthopaedic Patholog3q Army Medical Museum, 7th Street and Independence Avenue, S.AV.,

\A ashington 25, D. C. If possible, an abstract of the case history and the roentgenograms should accom-
pany the slides or tissue. Quick diagnosis is afforded if properly prepared material is sent.

Surgeons are urged to avail themselves of this service offered by the Academj'. There is no charge.

Robert IF. Johnson, Jr., M.D.
Chairman of the Committee
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Fig. 6-A Fig. 6-B Fig. 6-C

Fig. 6-A: Original photograph of hand in flexion, after loss of profundus tendon to middle finger, the

sublimis tendon being intact.

Figs. 6-B and 6-C: Show flexion and extension after flexor-tendon graft to lestore profundus action.

marked atrophy or damage to their natural muscles. This muscle switching can be carried

out as indicated, without jeopardizing the function of the finger. A period of muscle e.x-

ercises and training prior to the tendon-grafting is very desirable and helpful, when the

laceration is of long standing, and may eliminate the necessity of switching a muscle.

The most important part of flexor-tendon grafting comes after the surgery has been

ompleted. It is our policy to splint the hand and wrist for a period of twenty-one days;

'yfollowing that, the splinting is removed and moderate active motion and full passive

motion are instituted, care being taken not to extend the fingers fully. After four weeks,

moderate resistive exercises are instituted; and in six weeks, flexion against resistance is

encouraged. The technique of freeing the flexor-tendon graft in its newly formed sheath is

extremely important. Each joint should be held individually, and forceful active flexion

should be encouraged. Forceful extension is also necessary to prevent fixed flexion con-

tractures. This should not be done in less than six weeks, as there is danger of tearing the

distal attachment of the tendon. In practically^ all instances, a snap wall be felt as the

tendon is freed in the sheath; and an increase in the flexion function wall be noted

finger and

Fig. 7-A: Original photograph of hand in flexion shows lacerated flexor tendon to the ring

middle finger in a child of six ymars.
r. i i i • r cjntured tendon to Ihb'^

Figs. 7-B and 7-C: Show’ function six months after tendolj'sis of pieviousp sutu

finger and flexor-tendon graft to ring finger.
® i-iTVT
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SuiiGTCAi. Tm;ATMi;NT OF Tiir- SoiT Tissur.s. Edited by Eredcnc W. Bancroft, A.B., M.D., F.A.C.S., and

George 11. llnmiiliri'ys. 11. A.B., M.l)., Se.D., F.A.G.S. I’liiladelpliia, .1. B. Lii)i)incott Co.. 1946. $15.00.

Surgical Troafnient, of the Soft Ti.^siics is another in the series on Surgical Treatment, i«sued under

the edilorsliip of Frederic W. Bancroft, M.D. The A.ssociate Editor of this volume is George H. Hum-
lihrey.s, II. M.D.. Valentine Mott Profe.ssor of Surgery, Columbia University, College of Physicians and

Surgeons, and Director of Surgical Service, Tito Presbyterian Ilosirital, New York.

Tlie book is divided into twenty-one sections, written b3' different authors, and each section has its

own bibliography. Of special interest to readers of The Journal are the sections dealing with Tendon

Injuries of the Hand, Infections of the Hand, and Plastic Surgery.

One chapter is devoted to sulfonamide therapj' and the use of penicillin in surgical practice.

The volume is well planned, the illustrations are excellent, and the actual printing is a distinct credit

to the publishers. This is a valuable addition to the series.

Introduction to Surgcra'. Virginia Kneelaud Frantz, M.D., and Harold Dortic Harvey, M.D. New York,

Oxford University Press, 1946. $2.50.

It is welcome to see the basic principles of surgery emphasized, as they are in this little book, which

has been written as a text for the teaching of surgery to the second-year class of the College of Physicians

and Surgeons at Columbia University, where the authors are Assistant Professors of Surgeiy.

The book deals almost entirelj’^ Avith the reactions of the various tissues of the body to varying forms

of trauma. In manj' instances, the fundamental approach to treatment is discussed. The book is well

written, concise, and accurate. The last chapter deals with history-taking and the physical examination.

A short bibliographj' is appended. Were these references introduced into the text, there might be

more incentive for consulting them, but this is minor criticism.

Dr. Whipple’s foreword is an excellent exposition of the necessity for the student learning to

differentiate between fact and theory, and for the dcA'elopment of his critical faculties.

Certainly, as an introduction to the understanding of surgery, it is a valuable work for the student,

and instructors in surgery would do well to consult it for its exposition of what should be taught.

A Manual of Tomography. M. Weinbren, B.Sc. (S.A.), M.R.C.S. (Eng.), L.R.C.P. (Bond.), F.F.R.

(Bond.), D.M.R.E. (Camb.). Bondon, H. K. Bewis and Company, Btd., 1946. 45 shillings.

The Manual covers a series of lectures delivered by the author, a well-known radiologist in South

Africa. The book is well printed and contains numerous excellent illustrations. A large number of cases

are presented. Weinbren is enthusiastic about the tomographic method of roentgenograplij-- (laminag-

raphy, body section, and so forth), and stresses its diagnostic value.

The reAuewer agrees that tomography is valuable in that it occasionally demonstrates a lesion in

the skeletal system and chest that cannot be shown by any other method, and that, with it, certain

processes are more readily visualized than with other techniques. The majority of pathological con-

ditions, however, can be demonstrated by variations of the usual technical procedures, with less radiation

to the patient and to the technician. With the present trend toward increasing use of radio-active

materials, caution against excess radiation in any form is urged.

AccrouNTES VASCULARES DE LOS MiEMBROS (Vascular Damage to the Extremities). Ed. 2. F. Martorell.

Barcelona and Buenos Aires, Salvat Editores, S. A., 1946.

This book is the second edition of one by the same name by Dr. Martorell, who is Chief of the

Section of Vascular Surgery at the Instituto Policlmico in Barcelona. It is a presentation of various

vascular disorders, which represent a branch of medicine which is becoming more and more important to

the surgeon and to the internist.

The book is divided into three parts; The first deals with arterial damage to the extremities, the

second with damage to the veins, and the third with damage to the lymphatic vessels of the extremities.

Treatment of the various conditions is discussed, as well as the distinctive signposts which aid in

diagnosing the varieties of damage which may occur. Many case histories are presented with excellent

photographs, which should be of great interest to the reader. To facilitate rapid comprehension of the

clinical cases which are cited, there are numerous diagrammatic sketches, and at the end of each chapter
is a bibliography of important works in the field under discussion.

B’osteosynthese au clou (Osteosynthesis by Pinning). R. Soeur. Paris, Masson et C', 1946. 325 francs.

This book represents a personal report of many cases of intramedullary pinning performed by the
author over a period of several years. The favorable, as well as the unfavorable, aspects of the method
are presented, and of equal interest to the orthopaedic surgeon is the discussion of the technique itself

and of the indications for its use. Three methods of osteosjmthesis by pinning are discussed as thej' apply
to diaphyseal fractures and to the femur.

The actual plan of the book is a useful one. In an introductory chapter. Dr. Soeur discusses the •

general background of pinning,—^its historj% the choice of material and instruments used, the importance
of proper reduction and accurate roentgenographic control, and, finalty, arguments for and against pinning.



TENDINOUS RECONSTRUCTION OF THE HAND FOLLOWING
IRREPARABLE INJURA^ TO THE PERIPHERAL NERVES AND

BRACHIAL PLEXUS *

BY HAJOR C. A. LUCKEY.AND CAPTAIN S. K. MCPHERSON

Medical Corps, Army of the United States

Wounds incurred in combat have produced a variety of nerve lesions in the upper

extremity. Besides injuries at various levels to the radial nerve, the median nerve, and the

ulnar nerve, combined involvement of the median and ulnar nerves was also common.

Injuries to the brachial plexus, either complete or partial, were produced frequen%. In

addition to these involvements of the main trunk, many cases v'ere seen of damage to the

nerves to one or several muscles of the forearm and hand. Frequently, normally function-

ing hands were seen with paraWsis of only one muscle, — for example, the extensor pollicis

longus, the flexor pollicis longus, the first dorsal interosseus, or the flexor digitorum pro-

fundus tendon of the index finger.

This paper deals only with the reconstruction of motor function in irreparable nerve

injuries. In addition to those cases in which the nerve or nerves could not be sutured, it

also includes cases in which the nerves were sutured, but function returned only partial!}'

or not at all.

Before tendon transplantation can be carried out, several conditions must exist.

1. The joints to be activated should he limber. Stiff joints are conducive to failure of the

procedure.

2. A satisfactory muscle and tendon should be available for transplantation. In some

cases of extensive paral5’’sis, one may have to use a tendon, the muscle of which had been

paralyzed but has recovered. If recovery is onlj'’ partial, excellent results should not be

anticipated. However, sometimes there is no choice and one has to use an incompletely

recovered .muscle. When there is a choice of muscles, that one should be used whose tendon

has a range of excursion which most nearly equals that of the dysfunctioning tendon.

3. .Scar tissue in the path of the transplant should be excised. If scar tissue is al^^n)»

excised before transplantation, the insertion of tubes to form tendon sheaths for the trans-

planted tendons is seldom necessary. One cannot transplant a tendon through scar tissue

and expect gliding of that tendon.

Light adhesions will form along the tendon whether or not mesothelial-Hned channe s

have 'been- formed beforehand, since these small fibrous strands carry small blood

and. are instrumental in revascularization of the tendon. These adhesions must either c

broken down or elongated, or both, by'' active use of the tendon after healing has ta 'cu

place. .

The early work done by'’ Biesalski and May've!’ has served as a stimulus to

surgery'.. Their work on the anatomy' and phy'siology of tendons, together with the

techniques they' fostered, has been responsible, to a great extent, for the progiess m.

in the 'field of tendon surgery'. -
.

restored!

;
. RESTORATION OF FUNCTION TO AN INDIVIDUAL MUSCLE

Loss-of function due -to damage of am individual muscle can frequently' be i

sincAusually there will be a choice of muscles to use. - .

On several occasions, the first dorsal’interosseus has been the only muscle •

by' a wound through the palm. Its action can be restored readily' by' transp an i

Read at the .Annual Meeting of The American Academ3
' of Orthopaedic Surgeons, Chicago,

JOINT srncE’^''

zed

the

January' 30, 1947.
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FLEXOR-TENDON GRAFTS TO THE FINGER AND THUMB *

BY WALTER C. GRAHAM, AI.D., SANTA BARBARA, CALIFORNIA

The loss of the flexor tendon to a finger or thumb handicaps greatly the function of

the hand. When the flexor tendons have been cut, there is loss of both the pinch and hook
mechanisms of the fingers, as well as of the ability to grasp and to hold objects. It is

obvious that the most logical treatment is a restoration of the flexor-tendon function to

the finger or thumb. When a flexor tendon has been cut for some time, the proximal end

will retract into the palm of the hand, so that it is impossible to do an end-to-end anasto-

mosis. Any excess scar through which the tendon glides will inhibit function of the tendon,

unless it is completelj’’ excised and replaced by healthy, Auable tissue. There is no reason

to attempt to restore flexor-tendon function to a finger which has no sensation, because

there is a tendency for the patient to substitute a finger with normal sensation in preference

to using the one which has been grafted. To restore function to a finger requires a tremen-

dous effort on the part of the patient, and he must use the finger to recover the tendon

action. The following views relating to this problem are based upon experiences gained in

141 flexor-tendon grafts. The methods advocated have been found to yield gratifying re-

sults in suitable cases.

A great deal of work to produce tendon sheaths has been done b3
’' Mayer, Thatcher,

and Ransohoff, by inserting various materials through the fingers to produce a gliding

surface for the tendon. We have not attempted this method, as we felt that Nature would
restore a sheath, if a moving tendon could be produced. It is our feeling that the pulleys

are extremely important to prevent bowstringing of the tendon, and that the graft should
be threaded through. A pullej^ should not be cut to form a sheath for the tendon. It is also

extremely important that the tendon should not pass over exposed bone, as it would cer-

tainlj’^ adhere. A grafted tendon should have considerable freedom in the sheath, as there

is appreciable swelling of the graft during the healing stage, and a tight sheath would
tend to strangle the graft and produce necrosis and adhesions.

Not all fingers with lacerated tendons are amenable to grafting. The primarj'- consid-

eration should be given to sensation. In addition, there is no hope of restoring flexor-

tendon function to a finger that is excessive^ scarred. It is preferable to do an arthrodesis

at the distal interphalangeal joint, and a tendon graft onlj'- as far as the middle joint.

The little finger is the most difficult in which to restore flexor-tendon function with a graft.

Few people realize that this finger is used veiy little in the ordinary function of the hand,
with the exception of operating a machine, such as a typewriter, or playing a musical
instrument. In patients whose occupations require the use of such instruments, a graft is

indicated. As a rule, the sublimis tendon is excised and the profundus tendon assumes the

* Read at the Annual Meeting of The American Acadcmj' of Orthopaedic Surgeons Chicaeo Illinois
January 30, 1947. ’
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graft should not be attempted on a finger which has any stiffness of the joints. The finger

joints should move as freelj’’ as those of a normal finger before a graft is attempted. An

effort should also be made to restore the muscle tone, as it is extremely important that

sufficient motor power be present to mobilize the tendon through the sheath.

There are many donor sites from which one maj'’ secure a graft. The most accessible

is the tendon of the pahnaris longus, when present. This tendon should be dissected out

so that the gliding surface surrounding the tendon will also be transplanted, as mobiliza-

tion will thus be made simpler. If both the sublimis and profundus tendons have been

lacerated, the sublimis tendon may be used as a graft. It is wise to fix the proximal stump

of the sublimis into the profundus tendon, thus giving added motor power to the finger.

The long extensor tendons of the second, third, fourth, and fifth toes are also available

Photographs show postoperative function.
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ser\'ing the oblique pull around Lister's tubercle, this can be accomplished. The distal

phalanx usually can be extended -weakly bj’’ the extensor pollicis brevis. The extensor

indicis proprius has a greater

range of excursion than the

wrist extensors; therefore,

the authors prefer the ex-

tensor indicis proprius when

doing the transplantation.

The tension of these trans-

plants must be watched

closely. If they are too lax,

they do not restore the de-

sired action. If they are too

snug, the thumb can be

Fig. 4-A: For destruction of

flexor pollicis longus and its ten-

dons, the flexor digitorum sublimis

of the ring finger is detached from

its insertion and transplanted to

the distal phalanx of the thumb

This procedure gives complete

range of flexor activit}’ of the

thumb. If the ring finger does not

have a good fle.xor profundus and

sublimis, one of the procedures to

be described subsequently should

be employed. If the flexor pollicn

longus tendon is intact, the trans-

plantation should be done at

wrist level.

Fig. 4-B Pig. 4-C

Fig. 4-B: Postoperative photograph, showing range of flexion of thumb. P
Fig. 4-C; Showing complete e.xtension of thumb, after operative procedure desen )

THU JOT7RVAI. OF Bovn AXD JOI.NT
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Fig. 4-A Fig. 4-B

Flexor tendon of thumb has been lacerated through the thenar eminence. Photographs sho\^ function

of the tendon following flexor-tendon graft

in the base of the palm, threading of the tendon outside of the carpal canal may be done.

On manj’’ occasions, it is desirable to substitute a muscle f;-om another finger for the

motor power. This is particularly true in lacerations of long standing, when advanced at-

rophj’- of the muscle is secondary to the laceration. The sublimis tendon of the ring finger

may be used as motor power for the index finger, middle finger, or thumb, when there is

Fig. 5-A Fig. 5-B

The flexor tendon of the thumb has been completelj' lacerated, wuth marked scarring Final photo-
graphs reveal function (The flexor tendoahas been transplanted subcutaneously to avoid scarred areas )
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Fig. 6-

a

,,
P^ralj'sis of the flexor pollicis longus, the extensor carpi radialis brevis is transplanted into

tne flexor pollicis longus. Good results are obtained when extensors are transplanted into flexors,
because of their S3Tiergistic action.

lifted satisfactoril}’’, but it cannot be brought across the palm well.

Loss of action of the abductor pollicis longus and the extensor pollicis brevis bring?

the thumb next to the metacarpal of the index finger. This close relationship between

the thumb and the index finger interferes with the grasping of objects®. Transplantation

of the extensor carpi radialis brevis into the tendons- of these two muscles produces ex-

cellent results. If one of the radial extensors of the wrist is not available, the palniari?

longus can be used, as is done routinely in transplantation for radial-nerve parab'si'’'

Tension on these transplants will seldom, if ever, be excessive. As a rule, we should at-

tempt to transplant extensors to flexors and flexors to extensors Howex^r, xxdien tlii'

is not possible, flexors can be transplanted into flexors and extensors into extensors, xxitli

1 1 jgood results

The flexor pollicis longus is sometimes the only muscle paralyzed. Direct trauma

maj' also destro3’’ the tendon of this muscle. Suture of a high median-nerve lesion fm

quentlj'- will bring about a return of function in the long Anger fle.xors and xxTist flexor.

.

and a return of sensation. Return of intrinsic-muscle function is usuall}^ negligible, or no

present at all. In addition, flexor pollicis longus action in many instances is mininiiun,

even xx'hen the maximum time has elapsed after nerve suture. If only the flexor

longus is paralyzed, a number of possibilities exist for restoration of its function. In a

of the long range of excursion of this tendon, a tendon and a muscle of equal exciir?

should be used, whenever possible. - - '

pf

The onlj'- tendons with excursion sufficient to carry the thumb through a full

motion are the flexor digitorum sublimis and the flexor digitorum profundus en
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immediately. If the function of a graft has not been restored in eight weeks, the prognosis

is discouraging.

Operative tendolysis by stripping the tendon after six or seven weeks frequently

will restore considerably more function. The operative incision should be -.above the wrist,

and the tendolysis should be carried out with a tendon stripper so that immediate active

mobilization of the fingers can be instituted. On occasions, the distal attachment of a

flexor graft will pull loose, and it is our feeling that a re-grafting should be done im-

mediately. The results from immediate re-grafting have been extremely gratifying, and

this procedure should be considered on all occasions in which the graft pulls loose, either

distally or proximall3^ Frequently a patient will be reluctant to put sufficient flexor pull

on a tendon to free the adhesions along the sheath, because of pain in the hand. We have

found it quite helpful to block the median or the ulnar nerve and to promote flexion in the

anaesthetized finger. Often a graft which is not functioning will be restored to almost 90

per cent, of function by this simple procedure. Hand blocks, as described by Bunnell, are

used continuoush^ after the fourth week. It is our feeling that occupational therapy is

extremel}^ helpful in restoring flexor-tendon function, and we have encouraged this type

of mobilization of a tendon.

CONCLUSIONS

1. In a severelj" scarred finger, fusion of the distal interphalangeal joint is frequently

preferable to an attempt to restore flexor-tendon function. If the finger has good sensation

and good joint function, a flexor-tendon graft will restore useful function.

2. The graft should be dissected out, to retain the gliding material on the tendon.

3. The restoration of function requires constant effort on the part of the operator

in the form of encouragement and personal supervision of the mobilization of the tendon.
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Fig. 7-B Fig. 7-CX J.U. i~-±J j. • w

Show extension and flexion possible after operative procedure described in Fig. 7-A.

the d3^sfunctioning tendon to the adjacent functioning profundus tendon, or bj utiliziiic'

adjacent active subJimis tendon, as recommended b3
'’ Stiles and Forrester-Biovn.

ar

EADIAL-JTERA'-E PARALYSIS
,

Tendinous reconstruction for permanent paral3^sis of the radial nene

results. The authors hat^e used the method advocated b3’' Sir Robert Jones, '"i
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extensor indicis proprius into the tendinous expansion of the first dorsal interosseus (Figs.

1-A, 1-B, and 1~C). This pi-occdure is also used by BunnolF to restore abduction of the'

inde.x finger in irreparable pai'alysis of the ulnar nerve.

The action of the ex-

tensor pollicis longus is re-

stored by transplanting the

extensor indicis proprius®

or the extensor carpi radialis

brevis (or the extensor carpi

radialis longus) into the ex-

tensor pollicis longus tendon

(Figs. 2-A, 2-B, 2-C, 3-A,

3-B, and 3-C). If the e.\'-

tensor pollicis longus is onl}’'

paralyzed and no damage

has been done to its tendon,

the extensor carpi radialis

transplant should be proxi-

mal to the wrist. This

preserves the oblique pull

around Lister’s tubercle. In

restoration of function to

the extensor pollicis longus,

one must strive to get the

thumb and its metacarpal

extended actively in the

plane of the palm. With the

proper tension and by pre-

Fig. 1-A

Procedure devised by Bunnell for paralysis of first dorsal interos-
seus. Extensor indicis proprius is transplanted into tendon of first

dorsal interosseus.

Fig. 1-B '
_ Fig. 1-C

l-B: Preoperative photograph shows adduction of long finger, ring finger, and little finger, butno abauction of index finger.
Fig, 1-C; Photograph taken after operation shows abduction of index finger.

VOL. 29. XO 3, JULY 1947
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Xo function was obtained from the transplant. After shortening of the already tian-
planted tendon was carried out by the authors, the patient obtained excellent result-.

Some surgeons advocate wrist fusion for radial-nerve paral3'^sis. There is some instability

of the wrist as the result of transplanting all the wrist flexors Arthrodesis can ho

Another proceduie used in correction of irreparable paralysis of the radial nerve is the following:

1. Sublimis of little finger and of index finger severed at wrist; pro.ximal end of distal segment i-

sutured to adjacent sublimis tendons.
2. Sublimis of little finger transplanted to extensors of little finger and ring finger.

3. Sublimis of index finger transplanted to extensors of index finger and long finger.

4. Flexor carpi radialis transplanted to e.xtensor pollicis longus and extensor pollicis brevis, ana

abductor pollicis longus.
_ n t 1 nt( d

This procedure is not advocated, because the sublimis tendons are too short to be transpia

posteriori}'.

Fig. 9-B . j,

Show fle.xion and e.xtension obtained after operative procedure described in Fig. 9 A. E

not sufficient.
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3-B

and

3-C:

Postoperative

photographs

show

range

of

motion

of

the

thumb.
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extensor indicis propriiis, as shoAvn in Figure 1-A. A similar procedure is used to restore

abduction of the little finger b3’- utilization of the extensor digiti quinti

The area of absolute anaesthesia in ulnar-nerve paral3^sis is limited to the little finger.

\Vhether or not the anaesthetic little finger should be excised depends largeb^ upon the

occupation of the patient. If he Avorks ndth machiner3'-, or if he is subject to temperatures
which might produce burns, the finger should be amputated. The decision should be made
b3* the patient.

Transplantation of the sublimis to overcome clavdng of the fingers, due to intiinsic-

muscle loss, has been carried out in thirteen cases at Letterman General Hospital. Im-

provement in the clawing occurs invariabl3'-, and usuall3^ the improvement is quite pro-

nounced. Fle.xion ma3^ be limited for a short while, but it soon returns. One must remember
that onl3' a small proportion of individuals with intrinsic-muscle damage have enough

claAA’ing to AA'arrant surger3^

jrEDIAN-NERVE PARALYSIS

In lesions of the median nerve in the distal part of the forearm, the chief disability,

*in addition to the sensory loss, is the loss of abilit3’' to oppose the thumb. Numerous

methods for restoration of opposition of the thumb have been described. In 1921, Ney

suggested transplanting the pro.ximal end of the tendon of the extensor pollicis brevis

subcutaneousH across the thenar eminence and suturing it to the palmaris longus, but

pulling deep to the transA'^erse carpal ligament. Bunnell * subsequentl3'- transplanted the

tendon A’olar to the transA’^erse carpal ligament, and pulled from the direction of the

pisiform. In addition, to utilize the

motion at the metacarpophalangeal

joint, Bunnell suggested that the

tendon have its effective pull hour

the base of the pro.ximal phalanx

rather than from the metacarpal

head. The sublimis tendon has also

been used to restore opposition

One advantage of this procedure is

that there is no tendon suture along

the gliding portion of the tendon

The chief difficulty in restoring the

function of opposition to hands

Avhich haA'^e been injured in Avar is in

mobilizing the metacarpal of the

thumb. Many of the patients haAC

Fig. 12-A

Shows clawing due to ulnar-nerve paralysis, before
operation.

ShoAA flexion and extension possible after sublimis tendons of the little Anger and the ring

been transplanted to their respective extensor mechanisms, as shown m rig 1 -- •
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finger flexors (Figs. 15-A, 15-B, and 15-C). (The range of excursion of the brachioracliali

has been found to be 1.5 centimeters.)

Fig. 14-B Fig- 14-C

Fig. 14-B; Shows clai\-ing of long finger, ring finger, and little
achieved by

Figs. 14-C and 14-D: Postoperative photographs show e.xtension and opposition

cedure described in Fig. 14-A.
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Fig. G-13 Pig. 6-C

Fig. 6-B: Shows hand before operation.
Fig. 6-C; Amount of flexion possible after operative procedure described in Fig. 6-A has been cariied

out.

but the flexor digitorum profundus tendons should not be sacrificed. If the tendon of the

fie.xor pollicis longtts is also damaged, the procedure shown in Figure 4-A should be em-

ployed. If the flexor pollicis longus tendon is intact, and only the muscle is paralyzed, the

flexor digitorum sublimis of the ring finger should be detached proximal to the flexor

tunnel; and the proximal end of the distal segment should be sutured to the flexor digitorum

sublimis of the long finger. The distal end of the proximal segment should then be trans-

planted to the flexor pollicis longus. This restores full flexion of the thumb. If the flexor

digitorum sublimis tendons are functioning poorly, as the result of a median-nerve injury

with only partial recovery, or if the flexor digitorum profundus of the- finger under con-

sideration is not working well, some other tendon should be used.

The palmaris longus (Fig. 5-B), the flexor carpi I’adialis, the wrist extensors, or the

brachioradialis may be used, but their range of excursion is less than that of the -flexor

pollicis longus. According to Bunnell, the wrist tendons have a range of approximately

one and one-quarter inches, while the flexor pollicis longus has a range of about two and

one-quarter inches. Full flexion of the thumb is not regained in these cases; therefore, the

thumb should be in slight flexion when the tendon is sutured. There will be some limitation

of thumb extension if the transplantation is done vdth the thumb in slight flexion; however,

it is more important to obtain adequate active flexion of the thumb than full extension.

The extensor carpi radialis longus or the extensor carpi radialis brevis can be used

most advantageously, because of their synergistic action with the flexors Here the

transplanted tendon should also be sutured with the thumb in slight flexion, since the

range of excursion of the wrist extensors is no greater than that of the wrist flexors (Fig.

0-A). In cases in which the radiocarpal joint has been arthrodesed, the wrist flexors and
extensors are more suitable for transplantation, since all the motion then is in the joint

of the thumb and none is taken up by a mobile wrist.

Loss of individual action of the flexor digitorum profundus can be restored bj" suturing
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Fig. 15-B Fig. 15-C

Show e\tcnsion and flexion possible after operation b3’' procedure desciibed in Fig 15-A.

Fig. 16: Bone block of thumb

metacarpal to maintain position of

opposition. This procedure shouli

be used when the thumb nietacarpm

is not sufficiently mobile, vhen suit-

able muscle and tendon arc no

available to restore active oppo-i-

tion, or when these condition-

coexist.

metacarpal did not become

sufficiently mobile to jiistif' ^

tendon transplantation; so a

bone block was done (Fig. 1^)

The bone block seems to

indicated in some cases o

Volkmann’s ischaemia

extensh^e fibrosis of the mf>

cles, especially if the foiearm

muscles are also badly earn

aged, thus prohibiting

cessful transplantation. Considerably’- more difficulty’- is involved in obtaining

function of the hand when there is ischaemic necrosis and fibrosis of the muscles,

to paralysis of the median and ulnar nerxms, than when the nerves are damap^
ouclain

tensive fibrosis of the muscles does not exist. Clawing of the fingers is an inevita

^

these individuals, due to the absence of intrinsic-muscle function.
^ can he

tensive, the interphalangeal joints which are responsible for most of the cle

fused in partial flexion. We have never carried out this procedure in this gro p,

Fig. 16
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Fig. S-A Fig. 8-B

Fig. S-A: Before tr.insiilenting tendons for radial-nerve paralysis.

Fig. S-B: After tendon transplantation. All tlic large veins liayo been retained. Subcutaneous fat

covers the transplants. Wire has heeii used for tendon approximation.

modifications. Tlie pronator teres is transplanted into the e.vtensor carpi radialis longus

and the extensor carpi radialis brevis. The fle.xor carpi ulnaris is transplanted into the

extensor tendons of the long finger, the ring finger, and the little finger. The flexor carpi

radialis is transplanted into the extensor pollicis longus and the extensor of the index finger

(common extensor or extensor indicis proprius). The palmaris longus is transplanted into

the abductor pollicis longus and the extensor pollicis brevis, as recommended by Bunnell

(Figs. 7-A, 7-B, and 7-C).

If a transplantation is not made into the Jong abductor of the thumb, the thumb may
ride too close to the index finger. In the absence of a palmaris longus, the authors trans-

plant the flexor carpi radialis through the abductor pollicis longus, and then into the ex-

tensor pollicis longus and the extensor of the index finger. In spite of the difference in range

of excursion of the thumb abductor and extensor, the results have been satisfactory.

Several points should be observed for optimum results. The pronator teres is trans-

planted through a separate incision. The authors have found that all three of the flexor

tendons of the wrist can be detached and transplanted through one dorsal L-shaped in-

cision. Through this approach, the tendons can readily be stripped back far enough by
sliding curved scissors down along the tendon and muscle, and cutting all the fascial

bands to permit a straight line of pull. When the L-shaped flap is being elevated, onl}^ the
skin is lifted, and the veins and fatty layer are left intact. If the tourniquet is inflated soon
after the arm has been elevated, and no constricting bandage is applied to empty the veins
prior to inflation of the tourniquet, the veins will stand out and can easily be avoided.
Two longitudinal incisions are then made through the fatty layer, and the transplantations
are carried out. The layer of subcutaneous fatty tissue is then sutured together over the
tendons. Thus normal fatty tissue surrounds the tendons,—a condition conducive to

proper gliding of the tendons. Altman and Trott state that-they have discarded 'dorsal

L-shaped incisions because of postoperative oedema of the hand and sloughing of the
corner of the L-shaped flap. The authors have not experienced either complication. We
feel that preservation of the dorsal veins and the subcutaneous fat prevents postoperative
swelling of the hand, and provides good gliding material around the site of the transplants
(Figs. 8-A and 8-B). Sloughing at the corner of the incision can be avoided by cutting a
rounded corner and by handling the flap gently. This flap is similar to a pedicle graft and,
if cut and handled in a like manner, trouble will be averted.

The transplantations should be carried out with sufficient tension. Seldom will a
radial transplant be too tight; on the other hand, it can be too lax. One of the authors’
patients was operated upon elsewhere, and insufficient tension was put upon the tendons.



oSO DISCUSSION

DISCUSSION
Dk. Sterlixg Bcxxell. Sax Fraxcisco, Califorxia: Repair of flexor tendons in the fingers is nin.-.t

diffirult. and many surgeons arc skeptical about its success. That good results can be obtained by adherence

to these principles, which for many years I have been advocating, was demonstrated not by one, but by manv
of the officers assigned to that work in the Ai-my. I have had the pleasure of seeing many of Dr. Grahams U1
cases of flexor repair; and I and many others can assure jmu that his results were excellent.

This short paper by Dr. Graham covered many of these principles which, if not observed, mean failure.

If one operates with trauma, repairs tendons when joints are stiff, places junctures at wrong sites where they

will adhere, disregards the gliding mechanism, or ignores the essential principles that should be adhered to.

the tendon will become bound in its channel.

It has been found that a graft of a gliding assemblj’-—that is, tendon plus paratenon, such as the palmaris

longus—will usually give a much better result than will a smooth tendon graft, such as the subliniis with it.-;

epitenon.

There is a zone which I call “no man’s land ”, where tendon junctures will adhere. It is between the disf.nl

crease in the palm and the middle crease in the fingers. When tendons are severed in this zone, the subliniis

tendon must be removed.

By resorting to a tendon graft, we may place our tendon junctures where they will do no harm. The in-

sertion in the last phalanx does not have to glide, and a juncture in the base of the palm or above the carpal

ligament can glide. In the former instance, the lumbricalis is wrapped about the juncture, where it is naturally

attached to the profundus tendon. Should a graft adhere, it often may' be liberated by grafting paratenon or

the slippery side of deep fascia beneath it. We should strive for a minimum of moving parts and a maximum

of gliding material.

Dr. Luckey’s paper tells of the types of tendon transfers commonly done in the various Ai-my hospitals

in World War II, and gives some valuable practical points gained from actual e.xperience in the woik.

All patients with lesions of arm nerves should, before dismissal, have orthopaedic consideration for po*

sible tendon transfers.

Cases differ so much, in their bizarre combinations of paralyses, that one must leave the beaten paths o

set methods and be guided by;- main principles. After the number of actions needed and the number of muscle;

available have been estimated, the available muscles should be divided up so as to supply the needs.

If active tendons are insufficient in number to move the various joints, as they are whenever any two ol

the three main nerves are cut, we should arthrodese the wrist. This makes some of the five wrist tendons

available for use on the digits. If sufficient tendons are still not available, we should arthrodese enough joints

so that the few tendons which we have will activate the remaining joints. We may thus solidify the wrist, the

forearm in slight pronation, the base of the thumb by a bone block, or the middle joints of the fingers.

When there are insufficient active tendons, another procedure is to use the principle of tenodesis, which

will furnish automatic motions. For instance, in paraplegia between the sixth and seventh cervical segments,

the only^ motion of the hand is strong dorsiflexion of the wrist. Tenodesis of all digit flexors to the radius and of

a tendon to the ulna which will draw the thumb into opposition rvill, when the wwist is extended, flex all digits

and oppose the thumb.

The distance of excursion of transferred tendons is important. In the thumb, since the abductor has lia

the excursion of the long extensor, a single tendon joined to both cannot produce full motion. Wrist tendon

which move one and one-quarter inches cannot impart full motion to digit extensors which normally mo\c

from two to three inches. Therefore, correction for radial palsy very;- rarely gives complete movement.

For paraly^sis of the intrinsic muscles of the hand, many different tendons can be used to restore

balance. Thus in paralytic claw-hand, the thumb is made to oppose and adduct, the index finger to

^

pinch, and the metacarpal arch to curve. The finger clawing goes with restoration of muscle balance. > -

transfers have, as stated in this paper, been proved to be successful and practical.

Both of these papers are valuable and show what can be accomplished.

Dr. L. D. How.ard, Jr., San Pr.^^ncisco, California; As far as the work of the Hand Centers

World War II is concerned,'! think most of ymu are familiar with the general set-up of the program, o

^

in the latter part of 1944, Dr. Bunnell was asked by' the 'Rhar Department to be Chief

tablisliing these Centers throughout the country. Nine Centers were established. Dr. Bunnell s
j.-

a teaching and organizational standpoint can only be measured by' the brilliant results
jf i--

an intense interest in this work by' members of the orthopaedic profession, and rightly' so. I le

important work, and I think all of you are taking active interest in getting better function o mn

Dr. George S. Phalen, Cltji-eland, Ohio: Dr. Graham, Dr. Luckey, and Dr.
(iif.-/-

complimented'on their presentations, as well as on the excellent manner in which they have re.

badly crippled hands to a state of usefulness,
^ -toU which were dedg'’-*'"'

We who were fortunate enough to have been stationed at Army General Hospitals w hie
;

as “Hand Centers” had the exceptional opportunity to see and treat a large number ot han
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carried out at a later date, if the subject finds that his occupation demands a more stable

wrist. To offset this objection to the transplant, the authors transplanted two sublimis

tendons into the extensors, thus preserving at least one strong wrist flexor (Fig. 9-A) . The
sublimis muscles, however, have short tendons in the forearm, which do not lend them-

selves well to posterior transplantation; thus the extension which the patient obtained

was somewhat limited (Figs. 9-B and 9-C). Then the usual transplantation for i-adial-

nerve paral3^sis was carried out and, in addition, one or two sublimis tendons were trans-

planted into the wrist for flexors with, the authors feel, definite improvement in function *

(Fig. 10). It must be remembered that the wrist muscles act not onlj'" to flex and to extend

the wrist, -but also to stabilize it. Therefore, anything which gives more stabilization on

the flexor side of the wrist in these transplantations of'radial nerve and tendon increases

the power of the grip. Most of the individuals with tendon transplants for radial-nerve

paralysis get along well witliout additional wrist flexors; nevertheless, when additional

support is given, the}’’ are improved. -
'

. ' .

At Letterman General Hospital, tendon transplantations for radial-nerve paral3'^sis

have been carried out on fort5'’-two patients. Of these cases, transplantations were done
in thirt3r-one for complete radial-nerve paralysis, in seven for posterior interosseous

paral3"sis, and in four for e.xtensive tendon and muscle damage. The results have been
* Suggested in part by William H. Bickel, M.D., Rochester, Minnesota.



RECURRENT POSTERIOR DISLOCATION OF THE SHOULDER

BY J. C. R. HINDENACH, M.D., P.R.C.S., LONDON, ENGLAND

Posterior dislocation of the shoulder is a rare lesion. Thomas described seven cases,

and stated that in 6,000 roentgenograms of the shoulder, four cases of posterior dislocation

had been found. Fevre and Mialaret found that out of eveiy 100 recurrent shoulder dislo-

cations, three were posterior, and that most of the recurrent cases were of congenital origin.

The proportion of primary to recurrent lesions could not be ascertained.

The classification of the disabilit3'- is confused. Mollerud quoted Blumensaat’s classi-

fication of the patellar luxations, appl3dng it to the shoulder:

1 . Fresh luxations, arising in direct succession to an adequate trauma;

2 . Recurrent luxations which occur more or less '‘spontaneousl3^” now and then, at

onger or shorter intervals, and are more or less sequelae of the primary luxation

;

3 . Per-manent luxations:

(a) Habitual (when the patella is luxated at every flexion of the knee joint), and

(b) Constant (when the patella never occupies its normal place during an3’^ part

of the movement of the knee).

The diagnosis of primary posterior dislocation of the shoulder is often missed, as the

disabilit3^ ma3^ not be severe, and the range of motion may be only slightly limited. Palpa-

tion of the head of the humerus below the spine of the scapula and the presence of an

abnormal hollow below the acromion are the salient features. Anteroposterior roentgeno-

grams are very misleading, because they ma3'- show a normal outline of the shoulder joint.

Lateral ^dews through the chest, or supero-inferior views through the axilla, display the

abnormal position of the head of the humerus.
The recurrent and permanent t3^pes tend to become confused, and they overlap in

the region of the shoulder. Argument has arisen over the distinction between the recurrent

and the permanent habitual classes. A shoulder may be dislocated posterior^'’ b3'^ trauma,

and although adequate reduction may be performed, the dislocation ma3'’ recur every fe"

months following specific strain. This is a true recurrent t3^pe. However, following an orig-

inal dislocation, the disabilit3^ may recur ever3'' time the arm is abducted, or flexed and

elevated. Such a condition, although recurrent, is also habitual. True habitual posteiioi

dislocation of the shoulder, however, often occurs in young adults without histoi^”' of pH'

maiy injury, and it is commonl3'- bilateral.

Short summaries of some of the cases reported may clarify the classification. Ro^\e

and Yee described a posterior approach to the shoulder, and gave case reports of tA^o so

diers, each with a similar lesion. Both men rvere twenty-two years old, of good muse

development; they had sustained original injuries to their shoulders, which resu e

posterior dislocations. Following reduction, there were numerous recurrences, un i

disabilit3’- recun-ed ever3^ time the affected arm was flexed and elevated. When the

Avas relaxed, or when traction was applied to the arm, the shoulder returned to

A Nicola operation which was performed upon one patient had produced no impiovem^^

Both patients were operated upon through a posterior approach, the labrum was su ui

the bone (Bankart’s technique), and full function AA’as restored.
^ «lioul(kr

Mollerud reported a girl of eighteen 3'-ears AA^ho had noticed a slip in the le ^

for several years, and in the right for about tAAm. When the left arm aa^s stretc le

and upAA-ard and rotated medial^, the head of the humerus slipped backAAmr ,
a

be felt under the spine of the scapula. When the arm Avas brought back to t e no

tion, the bone returned to its place AA'ith a jerk. The shoulder luxation cou

O T V T. r BON'E AN'D JOIST
'
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considerable scarring and fibrosis about, the base of the ihumb metacarpal. This is due to

direct trauma, to prolonged immobilization, or to Volkmann’s ischaemia. Excision of the

scar about the base of the metacarpal, followed b.y extensive active and passive motion,

produced improvement in some, while ostcotonij’- of the metacarpal has been necessary

in other cases.

Observation of a relatively large number of median-nerve injuries revealed that, in

addition to lack of return of intrinsic-muscle function, there frequently was little or no

return of function in the flexor pollicis longus. This was true even after a prolonged period

had elapsed since the nerve repair. Flexor pollicis longus action is restored, as described

previously (Figs. 4-A, 5-B, and G-A). Activity of the long flexors in cases of high irreparable

lesions of the median nerve is restored by utilizing the remaining active and available long

muscles of the forearm, as was described originally by Stiles and Forrester-Brown.

PARALYSIS OF THE MEDIAN AND ULNAR NERVES

Fig. 13: Modified Foyle procedure

for paralysis of opponens pollicis.

Flexor digitorum sublimis of ring

finger is looped around flexor carpi

ulnaris, transplanted subcutanc-
ouslj' across thenar eminence, and
sutured into thumb metacarpal and
proximal phalanx. If this procedure
is used, the slip to the phalanx must
be sufficiently taut so that the meta-
carpophalangeal motion will be
utilized, as emphasized bj' Bunnell.

Irreparable lesions of the

median and ulnar nerves

ibove the forearm produce a

severely crippled hand. In

many cases, suture of these

neiwes is satisfactory, and

function returns to the long

flexors. In the authors’ ex-

perience, however, the intrin-

sic muscles of the hand seldom

regain satisfactory function, so

that the methods described by Bunnell must be employed for restoration of normal func-

tion. In the cases of irreparable injury, one utilizes the muscles supplied by the radial

nerve In order that all the wrist extensors may be used, the wrist should be fused.

If it is fused in too much dorsiflexion, the transplanted tendons do not seem to flex the
digits well. The authors arthrodese the wrist in the manner described by Abbott, Saunders,
and Bost. This procedure retains motion at the carpometacarpal joint, which the patients

find very useful because it permits the palm to be mobile.

After the wrist has been fused, all three of the dorsiflexors of the wrist and the brachio-
radialis can be used for flexion of the digits and opposition, of the thumb. The authors
first transplanted the extensor carpi radiaJis longus into the flexor pollicis longus and the
flexor digitorum profundus of the index finger, and the qxtensor carpi radialis brevis into
the flexor di^torum profundus of the long finger, ring finger, and little finger. The most
difficult task was to get the thumb to move in a proper functional relationship to. ‘the

fingers: The i.nterphalangeal-joint of the thumb had a tendency toward excessive flexion, in
spite of adjustment of tension of the transplant and re-education of the patient. To over-
come this objection, the authors have transplanted-the brachioradialis to the flexor pollicis

longus, and the extensor carpi radialis longus and extensor carpi radialis brevis into the
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cau be inspected. If no further abnormality is seen., some posterior support to the joint must

be provided. Kaplan has treated two cases b3'' using a “reversed Clairmont operation’’,

bringing a portion of the anterior deltoid through the quadrilateral space to be attaclicd

posteriorh'. He reports good results.

A more stable support can be obtained b3’’ using a posterior bone graft. Eocher has

used a tibial graft, inserted e.xtracapsularty under the infraspinatus and projecting four

millimeters lateral!}- be3mnd the glenoid. Fevre and Mialaret have obtained their grafts

from the eighth rib posteriori}’-, splitting it longitudinall}’- into two and inserting both

grafts deep to the infraspinatus. The}’- completed the operation by fixing the arm in plaster

in a position of abduction and external rotation. This position puts little strain upon the

posterior aspect of the joint.

Ilfeld and Holder treated anterior recun-ent shoulder dislocation mth a graft from the

ilium, employing one-half of the thickness of the iliac crest and the outer cortex of the

f
'’‘:im. The graft, two b}- one and one-half inches, is naturally curved to fit the glenoid

ck. It can be fixed against the “rawed” bone Avith a Vitallium screw, and lies extracap-

^
larly, being allowed to project four millimeters laterally. The arm is fixed to the side for

six weeks.

The congenital type of recurrence is usually due to an abnormal glenoid fossa, and a

posterior bon}^ buttress offers the best chance of cure. Tibial and split-rib grafts have been

used Anth success. Ombredanne employed an ingenious technique in a baby of tAventy

months. He freed the spine of the scapula from muscles, hinged it close to the great scapu-

lar notch, and SAA'ung this osteoplastic flap deep to the infraspinatus so that it lay posterior

to the joint capsule. He suggested, hoAA’ever, that this method, although suitable in the

young AA'hose bones are still malleable, AA'ould probably not be applicable to an adult.

The old unreduced dislocation (the constant, permanent type) forms a good bony

buttress for itself on the dorsum of the scapula. Limitation of shoulder range is not great,

and treatment is unnecessary.

CASE REPORT

G.B., a prisoner of n-ar, twenty-four years of age, fell on his right shoulder in April 1944, while doing

ph3'Sical training. He was unable to eleA’ate his arm, and A\-as treated ndth physiotherapy in a camp reception

station for one month lA-ithout improvement. Roentgenograms were normal. In May he Avas operated upon,

presumablj- for a ruptured supraspinatus muscle. Again, there was no improvement. An anterior approach to

the joint Avas made in September 1944, and the outer end of the clavicle was removed. Repeated postenor

subluxation followed, and a Xicola operation was performed in June 1945. In spite of this, there ivas no im-

proA’ement in function. On Xovember 20, 1945, the patient was admitted to a British Militarj- Hospita

.

Phj'sical examination showed a well-built muscular young man. The right shoulder had three long interlacii g

Fig. 1 Fig. 2
J.- AU. X , .

Fi". 1; Supero-interior \dew through axilla, shon-ing head of humerus in normal poA

Fig. 2; Supero-inferior tow lA-ith humeral head subluxated postenorlj'.
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To restore opposition of the thumb, the extensor pollicis brevis tendon is detached

proximally, transplanted subcutaneouslj'’ across thn thenar eminence, as shown in Figure

14-A, and sutured to the extensor carpi ulnaris; which is transplanted around the ulnar side

of the forearm®.

The range of the wrist extensors is approximately one and one-quarter inches; the long

flexors of the fingers glide through a range of two and three-quarters-inches, according to

Bunnell. With this in mind, the proper tension of the transplants should be determined.

The fused wrist provides an advantage, since $11 the motion will be in the finger joints and

none will be taken up by a mobile wrist. If the tension is too great, there will be excessive

clawing, and the thumb and fingers will not come together in a functional position. On the

other hand, excess length will allow for complete extension, but will not permit enough

flexion for a satisfactoiy grasp. The authors feel that the tension should be such that the

proximal two joints would be permitted to extend to about 140 to 150 degrees at the time

the transplantation is done, and the distal joint would be permitted- to extend to about 160

degrees. The tension on the transplant for thumb opposition should be too much rather

than too little.

In two of the authors’ cases of paralj’-sis of the median and ulnar nerves, extensive

fibrosis of the flexor muscles in the forearm and of the intrinsic muscles of the hand was
al&Q presawt. Iw spite ei extensive exelslen et ac-nr tisyie arewnd tbe base el tbe tbevab, tbe
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This case has some noteworthy features. Although related originall}'- to an injurv,

the disability became immediately habitual. Despite the traumatic histoiy, no lesion of

the labrium glenoidale Avas found. It is the second such case reported in which a Xicoia

operation has been unsuccessful.
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likely possil)ility. This procedure should not. be entered into hun'icdl.y; if, at a,later date,

the patient finds that, the clawing interferes with his work, the joint can then be fused.

Slitting the pulleys at the base of the fingers to permit some bowstringing of the ten-

dons and a more clTccfive pull has been done in one case. It has not resulted in anj'- func-

tional advantage, as far as the authors have been able’ to detei-mine.

INJUIUES TO THE BUACHIAE PLEXUS

Injuries to the brachial ple.\us have been relativelj’- frequent, because of the exposure

of the shoulder on the battlefield. Neurosurgeons have been able to repair many of these,

and the return of function has been surprising in some instances. In others,”^ there is a

spotty return of function; and reconstruction depends upon the muscles available and their

use in one of the ways described previousl3L Stiles and Foirester-Brown state that the vari-

eties of transplants used for incomplete injuries are almost as numerous as the tendons.

Sometimes all the nerves show evidence of return of function, but the end result is excessive

weakness of all the muscles. In these instances, arthrodesis of the irrist materially increases

function, since all the motion is then transmitted to the finger joints. In addition, if the

wrist flexors or extensors, or both, are functioning, the}'' are then available for transplants.

CONCLUSIONS

Most of the reconstructive procedures of the hand which are employed in permanent

nerve paralysis, discussed in this paper, have been employed previouslj’-, but some of them

are new. For a transplantation to be successful, one must first mobilize the joint, eliminate

scar tissue, and then transplant a normallj’- functioning tendon and muscle through normal

tissue. Flexors can be transplanted to extensors and extensors to flexors, with excellent

results. In most instances, the muscle transplanted should be the one which is most readil}''

available and which has a range of motion as nearly as possible like that of the muscle and

tendon it is intended to replace.

Note; All the hand drawings were made by Gregg Moris, Medical Artist at the Letterman General
Hospital. The photographs were taken b}' the Photographic Laboratory, Letterman General Hospital.
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('enter whieh was also a Neurosnrgieal Center, there were miineroiis eases of irreiiarable nerve injury; and

almost all of these eases required some type of tendon transfer to restore eflieieney to the paralyzed hands.

The tendon transfer for radial-nerve paralysis is the one which is probably used most widely; and the end

results from this tendon transfer are almost universally good. I agree with Dr. Luckey that it is most impor-

tant that the transferred flexor tendons in these ca.ses of radial-nerve palsy be placed under considerable

tension. The effective range of motion in the wrist and hand should be largely above the horizontal plane.

With the wrist extended about 30 degrees, the patient should be able to extend the fingers to the plane of the

palm and to flex the lingers into a firm fiat. When the transferred tendons are placed under such tension, the

patient is no longer able to make a fist with the wrist flexed; but this, of course, is not a purposeful or useful

movement and causes no disability.

We preferred to transfer the flexor carpi radialis into the long abductor and the two extensors of the

thumb, leaving the extensor tendon of the index finger to be included with the other finger extensors in the

transfer of the flexor carpi ulnaris. In all cases of irreirarable damage to only the deep branch of the radial

nerve, we did what we called a “triple transfer at the wrist ’’
: The flexor carpi ulnaris was used to motivate the

finger extensors, the extensor carpi radialis brevis was used to activate the long thumb extensor, and the

palmaris longus was transferred into the long abductor and short extensor of the thumb. In this manner, the

flexor carpi radialis was left undisturbed and served to stabilize the wrist.

In the restoration of function in these tendon tr.ansfcrs, the patient’s condition must be checked fre-

quently to bo sure that a tenodesis action is not being substituted for a true contraction of the transferred

muscle. For example, a patient uath a transfer of the flexor carpi ulnaris into the extensor digitorum communis

rvill soon find that permitting his wrist to flex will automatically cause extension of his fingers, due to the

eheckrein effect of the transfer of the flexor carpi ulnaris. He will find it easier to extend his fingers by this

“checkrein” effect than bj' actu.ally contracting the transferred tendon. Occasionally, galvanic stimulation

of the transferred muscles will give the patient the “feel” of the muscle now performing an entirely new func-

tion, and this may better enable him to re-educate himself.

I believe one cannot stress too strongly the importance of joint mobilization prior to tendon transfer or

tendon grafting. Certainly if the fingers cannot be flexed and extended passively, no tendon graft or transfer

will ever restore these functions. Fortunately, in peripheral-nerve injuries there is frequently little or no

damage to the hand itself; but the hand may have become stiffened from circulatory impairment, from

trophic changes, or from prolonged splinting of a fracture of the forearm or upper arm. These hands must be

mobilized as completely as possible prior to any tendon transfer. This sometimes implies that operative steps

must be taken prior to the transfer, such as capsulcctomy of the metacarpophalangeal joints, adductor strip-

ping of the thumb, tenolysis,—especially of the extensor tendons, or application of a skin graft to supply the

necessary mobility of the involved joints. The performance of such operations at the same time as the tendon

transfer is not advisable.

In incomplete median-nerve paralysis, there may be return of some power in the finger flexors, but this

power may not be sufficient to give the patient an adequate grip. Reinforcement of the finger flexors may be

carried out by transfer of either a WTist flexor or a wTist extensor muscle into the finger flexors. Extension of

the WTist and flexion of the fingers is more of an associated movement than is flexion of the wrist and fle.xion of

the fingers. In the cases in w’hich fusion of the wTist was not advisable, we found that better strength in flexion

of the fingers was obtained by transferring the extensor carpi radialis longus or brevis into the finger flexors

than by using the flexor carpi radialis.

I believe it is important, befoie performing a flexor-tendon graft, to explain to the patient just what may
be expected from this operation. The patient usually anticipates that the finger will function again in a per-

fectly normal manner, although actually—even with the very best tendon graft—he will never be able to

strongly clench the finger down into the palm. If he is able even to touch the tip of the finger to his palm,
the result is considered excellent.

If arthrodesis of the WTist is included in the reconstruction program outlined for a particular hand case,

I believe this operation should be postponed until after the flexor-tendon graft has been done. Flexion of the
WTist at the time of the flexor graft aids considerably in determining the degree of tension on the graft, and
prevents fle.xion contracture of the finger, which may develop with too much tension.

Dr. Walter C. Graham, Santa Barbara, California (closing) : I want to thank the discussers. Dr.
Phalen brought out a very important point which should be stressed, and that is the complete mobilization of
the joints before tendon-grafting. It is impoitant that no tendon graft be done to a finger which is without
sensation. The effort of the patient following operation is the most important single point in restoring function.

Dr. C. .a. Luckei", Oakland, California (closing): I want to thank Dr. Bunnell, Dr. Howard, and Dr.
Phalen for their remarks. Dr. Phalen has emphasized his work of transplanting the e.xtensors into flexors, and
we thorouglil3^ agree with him. In the presence of a fused wrist, one can transplant wrist flexors into digit
fle.xors with reasonablj" good results. However, if the wrist is not fixed and if the WTist flexor is used to activate
a digit flexor, there wall be difficultj' in getting as much motion as one would like to have.
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the deep cortex. The grafts are then rebedded according to plan and fixed firmly with

engaging screws. The periosteum is carefulh' closed over the proximal and distal frag-

ments to the site of the defect, where the peidosteum is non-e.xistent. Further closure is

routine, and external plaster fixation is applied.

The use of iliac-bone chips to fill residual donor defects in order to accelerate osteo-

gene.^is was first suggested to the authors by Sterling Bunnell. Since then, iliac-bone

blocks and chips have been used successfull3’', not onlj’- to fill donor defects, but also to

fill in the opposite half of veiy large defects, after the main fragments have been bridged

and firml\- immobilized bj’ the use of a single massive half-cjdinder graft from the af-

fected bone. It has been found that this iliac bone is re^'italized rapidl}'-, and that the

rc'-ulting osteogenesis is accelerated and more complete than in those cases in which the

defect is allowed to become filled in unaided (Fig. 1-D).

POSTOPERATIVE CARE

i After reconstruction of the tibia, a single plaster hip spica is applied and is maintained

for ten weeks, followed b}’’ the application of a toe-to-groin walking plaster. The walking

plaster, in turn, is removed in eight w'eeks, followed bj'- the use of a toe-to-groin brace oi

another walking plaster, depending upon the progress of healing. In femoral cases, a

double hip spica is applied and is maintained for twelve weeks. The plaster is then re-

moved and the affected extremit}'- is placed in traction and suspension, in order to obtain

mobilization of the joints and reconditioning of the extremity as a whole.

RECOXDITIOXIXG OF THE P.A.TIEXT AND OF THE AFFECTED EXTREMITT BEFORE OPER.\TJOX

Although problems of elimination of infection and repair of skin defects are not within

the scope of this paper, treatment of these complications, and the ph3'’sical reconditioning

of the patients as well as of the involved extremity, are equally as important as the

reconstruction surgery which follows. The degree of success of the reconstruction surgery

is in direct ratio to the ph3’’sical condition of the patient and of the extremity at the time

Fife. 2-A Fig. 2-B

Fig. 2-A: Case 2, J. S. Preoperative bone defect.
, ,, , unvs after operation k'’

Fi?. 2-B: Anteroposterior and lateral news, five months and twent3'-three ciaj

the Tj-pe 1 procedure.
scp.gfJ’.'

THE JOURN'AL OF BON’E AND
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[liu’cd, wlicn the arm was rotated externally. The riglit shoulder had a similar tendency,

which was not so pronounced. Eoenlgenograms were normal.

Sjovall’s case was a man of twenty-two years who had had discomfort in his shoulder

for two years, and could produce backward luxation b.y stretching his arm forward and

upward in internal rotation.

Asplund described a boy of eighteen years of age in whom backward luxation resulted

when his right arm was abducted to 50 degrees and then stretched forward during simul-

taneous internal rotation. This applied to both shoulders. It was suggested that during

internal rotation the external rotator muscles failed to act as a posterior brace to the head

of the humerus. In the roentgenograms a flat posterior part of the glenoid was visible, and

arthrography showed a large posterior recess. At operation the labrium glenoidale was

absent on one side. A posterior bone graft, projecting from four to five millimeters laterally,

was inserted with good results.

Asplund stated that his case was that of a ‘‘ seJmappender Schuller”, or “snapping

shoulder”, and that it was voluntaiy and habitual. Voluntaiy is described as being related

to an act, habitual to a frailty. Mollerud, however, considers that Asplund’s case was

trul3^ recurrent and not habitual, and his point of view is probable because at operation the

labrium glenoidale was absent, thus suggesting a primaiy traumatic factor.

Congenital posterior dislocation of the shoulder has been described by several French

writers. The primaiy lesion is commonlj’^ a small glenoid fossa. Ombredanne states that,

unlike congenital dislocation of the hip, the condition in the shoulder cannot be cured by
reduction and adequate retention in the normal position. Posterior slipping always occurs.

Various bone-graft operations have been used in its repair.

TREATMENT

Usually the true recurrent t3’'pe of posterior dislocation which is due to trauma has

a detached labrium glenoidale. Bankart’s method of repair gives good results. The approach

to the joint is well described by Rowe and Yee, who dealt with two cases, and b3'’ Harmon,
who modified the technique slightly. An incision is made from the middle of the

scapular spine along and just inferior to it as far as the tip of the acromion. The origin of

the deltoid is dissected subperiosteall3'' from the spine, and the muscle flap is freed from
the deeper structures, and reflected laterally and interiorly. Care is taken not to exert'gross

traction or to use deep retractors, for the circumflex nerve may be damaged. The bellies of

the infraspinatus and the teres minor are thus exposed, and then separated, and the latter

is retracted. Therefore, the contents of the quadrilateral space are protected. The attach-

ment of the infraspinatus is divided one-half inch from its insertion into the greater tuber-

osit3'^ of the humerus, and is reflected medially from the underlying capsule and scapula.

The region of the great scapular notch rvith the terminal branches of the suprascapular
nerve must be avoided. An excellent view of the entire posterior aspect of the shoulder
capsule is obtained. When trauma has been the cause of the lesion, the capsule with the

labrium glenoidale will be found detached from the posterior margin of the glenoid fossa.

A method similar to that used by Bankart for anterior recurrent dislocations ma3'' be used
to repair the lesion. The posterior surface of the glenoid neck and rim is “rawed”, and four
or six drill holes are bored through the rim. The drilling is simpler here than in the
anterior part of the joint. The approach is direct, and an angled drill is unnecessary. The
capsule is reattached to the scapular neck b3’^ mattress sutures through the driU holes. The
cut tendon of the infraspinatus is sutured, the deltoid is reattached to the spine of the
scapula, and the skin is closed. The flexed arm is bandaged to the side for six weeks, with
the wrist and fingers left free. Active movements are then encouraged.

In the voluntar3’- or habitual t3^pe of recurrent dislocation, no detachment of the
labrium glenoidale ma3" be found. Often a general bulging of the capsule is observed. The
capsule should be incised vertical^" one-third of an inch from the glenoid, so that the joint
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\va^ admitted on August 27. 1944. He had a draining compound wound and loss of bone substance, involvinc

the middle third of the left tibia, as a result of shell-fragment wounds incurred on July 12, 1944. at Saint-Lf).

France. Draining had subsided and the wound had healed by January 15, 1945. Excision of the cicatrix and

primary closure of the anterior aspect of the left leg were performed on March 6. An apposing massive boiu'-

graft operation was performed on April 17. Weight-bearing in a walking plaster was begun on August 17.

and the alking plaster was changed on October 15. Solid union was established. The length of the defect

bridged was three and one-eighth inches. Residual shortening of the affected tibia measured one and one-hnif

inches.

C.rsE 4. A private, twentx'-eight years of age, was admitted on November 28, 1944. He had a draining

compound wound and loss of bone substance, invohdng the lower third of the left tibia, in addition to other

injuries, as the result of a shell-fragment wound incurred on August 15, 1944, in France. Draining subsided

and the wound had healed by December 11. A reconstruction of the tibia with massive apposing bone graft'

wa-' performed on .\pril 21, 1945. Weight-bearing in a walking plaster was begun on August 17. The soldier

\\a' fitted with a toe-to-groin brace on October 27, at which time union was completely solid. The length of

the defect bridged was two and three-eighths inches. No shortening of the involved tibia resulted.

C xsE 5. A first lieutenant, twenty-six years old, was admitted on April 8, 1945. He had a healed com-

jjound wound with loss of bone substance, involving the left tibia at the junction of the middle and loner

thuds, as a result of a plane crash in France on December 11, 1944. Drainage ceased, and the wound had

healed by January 11, 1945. A reconstruction uith massive apposing bone grafts was performed on June lH,

1945. Ten weeks after operation, on August 28, the hip spica was removed and a toe-to-groin walking plaster

was applied, at which time union was firm but not solid. The walking plaster was changed eight weeks later,

on October 23, at which time union was solid. A toe-to-groin brace was applied on December 28. The length

of defect bridged was one and one-eighth inches. There was no residual shortening of the involved tibia.

Case 6. T. H., a twentj'-year-old private, was admitted on June 4, 1945. He had a healed compound

wound of the right thigh, with non-union and loss of bone substance, involving the right femur at the junc-

tion of the middle and lower thirds, as the result of a gunshot wound by enemy action in Aachen, Germany,

on November 17, 1944. The wound had healed by December 1944 (Fig. 3-A). A reconstruction vith appodng

massive bone grafts was performed on August 1, 1945. On November 9, a double hip spica was removed, and

the extremity was placed in balanced traction and suspension; at that time union was clinically solid. An

ischial weight-bearing brace was applied on December 28, and the patient was able to be ambulatory. The

Fig. 3-A
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Fig. 3-B

Fig. 3-A:
Fig. 3-B:

Case 6, T. H. Preoperative bone defect of femur
2 procedure.

Anteroposterior and lateral views, seven weeks after operation bj the J.}P P
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soars anlorioily anti sniwriorly. The tloKoitl unci all other shoultU'r muscles contracted strongly and actively.

Passive sliouldei range was limited, probably by capsular scarring from previous operations. Passive abduc-

tion was possible to 150 degrees, and elevation to 150 degrees. E.xteinal and internal I'otation wore complete.

Upon active abduction at 30 degree.s, the head of the huincrus was felt' to slip posteriorly, and after this no

fuither abduction was jwssible. A similar lesult

followed attempted forward flexion of the shoulder.

With the arm at the side, the humeivd head could

be made to slide iiosteriorly by pressuic from in

front. Anteroposterior locntgcnograms showed a

normal shoulder joint, with the outei end of the

clavicle absent. Supero-inferior views tbrough the

axilla showed how the head of the humerus could

be made to alter its relationship with the glenoid

fossa (Figs. 1 and 2).

A diagnosis of recurrent postciior sublu.xation

of the huincrus was made, and a posterior bone-
“ buttress oircration was decided upon.

On November 26, 1945, tlic right shoulder

joint was approached postcriorlj’, according to the

method desciibed by Harmon. Upon reflection of

the infraspinatus, the joint capsule appeared

grossly lax. Tlie cajjsule was incised verticallj", and Pjg, 3

the intcrioi of the joint was inspected. The labrium
Supero-inferior view six weeks after operation,

glenoidale was seen intact and firmly attaclicd to showing graft and screw.

Fig. 4-A Fig. 4-B

Six months after operation, showing union and smoothing of the graft.

the glenoid rim. The tendon of the long head of the biceps could be identified, passing from its origin to enter
the head of the humerus. This band, however, failed to prevent the head from sliding backwards when it was
forced from the front. The capsule was closed by reefing with mattress sutures. An iliac graft, two inches by
one and one-half, was removed from the right side of the pelvis. The graft consisted of half of the thickness of
the iliac crest and the outer cortex of the ilium. With a chisel, the outer cortex of the posterior aspect of the
glenoid rim and of the neck of the scapula was removed, leavingarawbed of cancellous bone against which the
iliac graft was fitted and fixed firmly by a short Vitallium screw. The graft projected laterally and extracap-
sularly for one-third of an inch. The infraspinatus was replaced over the graft, and its tendon was sutured.
The deltoid was reattached to the spine of the scapula, and the skin was closed. The arm was bandaged to the
side with the elbow flexed to 60 degrees, the wrist and fingers being left free. This position w'as maintained for
six weeks, and then active movements were begun. Postoperative shock and discomfort were negligible.

On January 15, 1946, the patient could raise his arm more than 90 degrees, and he stated that the shoul-
der felt stable for the first time in nearly two years. Roentgenograms showed the graft in position (Fig. 3).

A personal communication from Lt. Col. Darling, R.A.M.C., then in charge of the patient, stated that
in July 1946, the patient was almost normal. He had had no further subluxations. The right arm could be
raised slightb^ less than 180 degrees, and there was a full range of motion in all other directions. The man him-
self n as n ell satisfied, and was doing his normal work as a carpenter.

Roentgenograms at that time showed that the buttress had been molded to adapt itself to the shape of
the head of the humerus (Figs. 4-A and 4-B).
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^eque5trcctomies were performed elsewhere on November 2, 1943, and on Februarj" 24, 1944, and hcaliiii:

of the wound liad occurred by August 1944. The scar was excised with primary closure on Februarv 1!)

1945. A modified reconstruction, which consisted of bridging of the defect ndth a half-c3’linder graft and .an

apposing block of iliac bone, was performed on

31. The hip spica was removed on December 5, and a

toe-to-groin walking plaster was applied; at that time,

union was clinically solid. The length of the defeoi

bridged was two and seven-eighths inches. Rcddinl

shortening of the left lower extremity measured one-

half inch.

Case S. F. B., a private, thirtj^-four j-ears old. u.k

admitted on November 2, 1944. He had a draining com-

pound wound, involving the right lower leg, and non-

union with a bone defect of the lower third of tlie rigid

tibia, as the result of the e.xplosion of a land mine near

Florence, Italjq on Julj”^ 1, 1944. Sequestrectomy nas

performed elsewhere on October 16, 1944. Sauceriration

was carried out on January 12, 1945, with healing of tlic

wound bj' March 1. The scar was excised with prinwry

closure on duty 25, 1945 (Fig. 4^A). A reconstruction

wdth apposing massive bone grafts was carried out on

September 7, and the residual donor defect was filled

with iliac-bone chips (Fig. 4-B). The hip spica was r^

moved, and a toe-to-groin walking plaster was applied

on Deeember 5, at which time union was clinically solid

(Fig. 4-C). The length of the defect bridged was t««

inches. Residual shortening of the right lower extremity

measured one-half inch.

Case 14. T. C., a sergeant, twenty-four years old,

was admitted on June 15, 1945. He had a draining com-

pound wound, involving the left lower leg, and non-

union associated with a bone defect which involved

the left tibia at the junction of the middle and loner

thirds, incurred when the patient was struck bj’’ e.xploding mine fragments, near Zerf, Germanj’’, on March

17, 1945. Healing of the wound had occurred by August 28, 1945. Reconstruction with apposing half-c.vlindee

grafts and filling of the residual donor defects with iliac chips were performed on December 5, 1945. The lap

spica was removed and a toe-to-groin walking plaster was applied ten weeks after operation; at that time,

union was clinically firm. Twelve weeks later (twenty-two weeks after operation), the plaster was removed;

and union was found to be solid. A supporting toe-to-groin brace was applied. The length of the defed

bridged was one and five-eighths inches. Residual shortening of the tibia measured seven-eighths of an inc i-

Fig. 4-E
Anteroposterior and lateral views, eight months

after the operation.

SUMMARY
This report is based on the end results in the first eight cases, seven tibiae and one

femur, treated by this method between December 15, 1943, and September 7, 1945. D a

of these cases, bridging of the defects and union of the affected bones were accomplidie'

successfully without the sacrifice of bone length. Since this time, similar procedures lia'C

been emploj^ed in thirteen additional cases (ten tibiae and three femora). Of the t^^ent.'

one patients operated upon, there were sixteen successful end results, one

twelve months after operation, and four failures due to recurrence of the infection a^^

^

operation. Two of these failures resulted from infection, secondaiy to necrosis of scar

sue, adjacent to the operative field. In the other two cases of infection, drainage occurr^^

postoperatively through the operative site. The case with refracture and the four c-

of postoperative infection are classified as failures. In the twelfth patient opeiatec

the complication of fracture of the sound portion of the proximal fragment of t le

at the site of the crosscut occurred during the operation. This was the result of a
j

leverage in the act of reducing the fragments. It necessitated the application

bone plate at the site of fracture, and prolonged the operative procedure consi

Caution is advised, therefore, in the reduction of the fragments and rebedding o i
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RECONSTRUCTION OF DEFECTS OF THE TTBlAi

APPOSING MASSIVE GRAFTS FROM THE AFR

BY MAJOR JOHN J. KBANAGAN AND CAPTAIN HKNllY S.'

Medical Corpn, Army of the United States

From the Orthopaedic Section, Kennedy General Hospital, Afemphis, TeniuH

Bone defects of the tibia and femur can be bridged successfully and bone

be maintained b.y the use of ajiposing massive bone grafts. This conclusion

the proved integrit.y of the autogenous massive bone graft * and on the fact that

grafts, v’hen placed in apposition at the site of a defect, become integral parts of

other as well as of the host bone itself. When these grafts are obtained from the affect^,

bone, the complications associated with the removal of massive donor grafts from the

opposite tibia arc avoided, and normal functional use of the sound extremity is main-

tained. With the use of supplemental bone from the ilium, defects too great to be repaired

bj^ the use of apposing massive grafts can be reconstructed successfully by the use of a

single stabilizing massive graft from the same bone, augmented by apposing iliac chips

or blocks. Likewise, residual donor defects become regenerated more rapidly and com-

pletelj’- when filled with iliac bone.

In the treatment of compound fractures of the tibia and femur in combat casualties,

one of the most difficult problems encountered was non-union with loss of bone sub-

stance In order to bridge these defects in accordance with the basic principle of main-

taining bone length, the technical operative procedures described here were developed.

Their purpose is reconstruction of the normal architecture of tubular bone at the site of

the defect by the use of apposing massive grafts. Each graft comprises one-half the cir-

cumference of the affected bone,—the so-called half-cjdinder grafts described by Hey
Groves. The defect is bridged with external suri’ounding cortex in the form of a complete

cjdinder, and continuitj'- of the medullaiy canal is re-established.

SURGICAL PROCEDURE

Three distinct operative procedures have been developed for the tibia and femur,

according to the level of the defect (Figs. 1-A, 1-B, and 1-C). The operative approach to

the tibia is routine, and varies according to the presence and location of cicatricial tissue.

The approach to the femur is through the standard anterolateral incision. The shaft of

the affected bone is exposed subperiosteally above and below the defect, and dissection

is continued to the site of non-union. All scar tissue that can possibly be removed is

excised. The bone ends are freed and all poorly nourished bone is removed back to normal
bone, the bone ends being squared by means of a hand saw. The defect, with longitudinal

traction applied, is measured, and the pattern and length of bone grafts are determined.

All grafts are removed subperiosteally, care being taken to allow periosteum and muscle
attachments on the sound portions of the shaft to remain attached. The grafts are re-

moved in the following manner: Longitudinal cuts of the superficial cortex are made with
a motor saw. Crosscuts are made with drill holes and a narrow osteotome. Care is taken
to complete the crosscuts before the deep cortex is cut through longitudinally; otherwise
there is danger of splitting the shaft of the bone through to the adjacent joint, or of

breaking through the sound portion of the bone at the level of the crosscut. The deep
cortex is cut from the site of the defect toward the crosscuts b}'’ means of osteotomes and
a mallet, after multiple drill holes have been placed along the plane of the desired cut in

Jan^T'^22^
^Meeting of The American Academy of Orthopaedic Surgeons, Chicago, Illinois,
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particularl.y in the femur, where the portion of the extremity distal to the fracture site is

heavy and is under the control of an assistant during the manipulation necessary for re-

duction.

CONCLUSIONS

Apposing massive half-cjdinder grafts, when fii-mly fixed, become integral parts of

each other as well as of the host bone.

By reconstruction of the tubular architecture of the bone at the site of the defect,

with supporting external cortex in the form of a cylinder and re-establishment of conti-

nuity of the medullary canal, solid union can be accomplished and tubular strength can

be regained.

Complications associated with the removal of massive grafts from the unaffected

tibia are avoided by this method, and unrestricted use of the sound extremity is possible.

The use of iliac bone to facilitate new-bone formation in residual donor defects is

practical in the tibia; but does not seem indicated in reconstruction of the femur, because

of the unusually abundant blood supply of this bone. Iliac bone, in the form of blocks or

chips, is an excellent medium of osteogenesis for bridging bone defects in cases in which

the original defect is too great to be repaired, by apposing massive grafts from the affected

bone. Emphasis is placed on the use of supplemental iliac bone in the bridging of defects

only where rigid stabilization of the bone fragments is maintained by a single half-cylinder

graft as a bed for the apposing iliac bone.

Preoperative reconditioning of the patient and of the affected extremity is considered

to be equally as important in the final outcome as the reconstruction surgery itself.

These procedures seem applicable not only in the presence of large defects, but also

in cases of non-union of the tibia and femur \vith small defects, caused by the interposition

of fibrous tissue and sclerotic bone ends. In such cases, if the interposing fibrous tissue

and sclerotic bone ends are removed, some shortening must result in bringing the bone

ends into contact. This requires osteotomy of the fibula when the non-union is in the tibia.

If the interposing fibrous tissue and sclerotic bone ends are not removed, the integrity of

union must depend upon the onlay or inlay bone grafts. In these latter cases, bone-biidg-

ing develops onlj'- at the site of the graft. Refracture frequently occurs through this site

of fault3'- union.

The length of the tibia or femur is the most important factor in determining the maxi-

mum length of defect which can be bridged by apposing half-cylinder grafts from the

same bone. In the authors’ experience, it was possible to bridge bone defects, ranging up

to two and one-half inches in length, vdth apposing massive grafts. In defects greater than

tins, use of a single half-cylinder sliding graft and filling in of the opposite half of the defect

wdth a block of iliac bone or xvith iliac-bone chips is advocated.

In the final anal3'-sis, successful bridging of defects with massive bone grafts depeni ?

on an adequate blood supply to the grafts and positive fixation of the grafts interna )•

B3’’ separation of the periosteum only at the site of the bone grafts to be removed, with t ic

periosteum and muscle attachments left undisturbed on the sound portions of the sia^

;

an adequate blood suppl3
’’ is maintained for the successful revascularization of the giu
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CALCIFIED ^lEDULLARY DEFECTS IN BONE
BV ALBERT BARNETT FERGUSON, JR., M.D., BOSTON, MASSACHUSETTS

From the Surgical Ch'inc of the Peter Bent Brigham Hospital, Boston

The presence of a s^'^mptomless, solitarj'-, rounded mass of irregular nodules of amor-

phous calcification within the medullary cavitj'- of a long bone has been mentioned, biit not

adequately described, in the medical literature. Such lesions, incidentally noted during the

roentgenographic examination of the neighboring .joint, are sometimes confusing, and claii-

fication of their clinical and roentgenographic features is needed.

ROENTGENOGRAPHIC APPEARANCE

Calcified medullaiy defects of bone appear as solitarjL rounded areas, made up of

irregular nodules of amorphous calcification, in or near the metaphyseal regions of the long

bones. Thej’’ are frequentl}'- located in the center of the medullary caidty and are of vari-

able size,—usually one to two centimeters in diameter. When these areas are larger, they

are likelj'" to be confused with caisson disease in bone. The nodules are of even calcific

densityc The periphery of the lesion reticulates with the normal bone lines, but is shaiply

demarcated from normal bone structure. There is no central area of lesser density and no

shell of calcification. There is no expansion of the shaft of the bone, and lesions do not

extend into the cortex. This combination of positive and negative features is typical of

calcified medullaiy defects, and differentiates them from other bone lesions of somewhat

similar appearance. Figure 1 shows a typical lesion in the loiver portion of the femur, while

Figure 2 is a lateral roentgenogram from another case, showing a somewhat larger lesion

A calcified medullary defect located in the greater trochanter is shown in Figure 3. So little

disturbance of medullaiy structure is produced that, apparently, these lesions are visible
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such sui-f^cry is uiuloriukcn. Bono surgery shoiik! not be performed in less than three

mondis after (he compound ivonnd has completely healed and after all obstructing cicatri-

cial deformities have iicen eliminated.

Penicillin is used routinely, except in cases in which the original invading bacteria

are penicillin-resistant. In these eases, sulfonamide therapy is u.sed'^. In cases where

large soft-tissue and bone defects were treated by early saucei’ization and split-thickness

skin-grafting bone surgery should not be instituted for a period of three months after

replacement of these thin grafts with full-thickness skin grafts, bj-- means of either pedicle

or tube grafts or by local skin flaps'. Considerable emphasis is placed upon physical

reconditioning of the patient, and of the involved extremity prior to reconstruction surgery.

Patients with pli.ysical debility arc treated with transfusions of whole blood, diets high

in calories and proteins, and supervised graduated exercises. Following the healing of the

compound wound, the plaster immobilization is removed and a supporting brace is applied

to the affected extremit.y. Intensive physical and occupational therapy are utilized before

operation for the purpose of mobilizing the adjacent joints, improving circulation and muscle

tone, and improving the physiology of the affected bone. Motion at the site of non-union

is not harmful, inasmuch as the bone ends are embedded deeply in dense fibrous tissue.

CASE REPORTS

Case 1. A priv.atc, twenty-three years old, w.is admitted on July It), 1D43. He had a draining compound

wound and loss of bone substance, involving the middle third of the right tibia, in addition to other injuries,

as a result of a mine explosion by enemy action in Tunisia on Apiil 21, 1943. Apposing massive bone-graft

reconstruction was performed on December 15, 1943. At operation, a scar which involved the skin was

excised in the line of incision; medial and lateral countcrincisions were required for closure of the operative

wound. A small portion of the operative incision failed to heal by first intention, which resulted in a localized

low-grade infection at the site of one of the screws. Staphylococcus aureus was obtained on culture. Union of

the bone progressed normally and weight-bearing in a supporting brace was permitted on June 1, 1944.

Following excision of the metal plate and screws

and of a small sequestrum, on November 22,

1944, the wound healed by first intention. The
patient was discharged on April 26, 1945. The
length of the defect bridged bj’ apposing grafts

was two and one-half inches. Residual shorten-

ing of the affected tibia amounted to one-half

inch.

Case 2. J. S., a captain, twenty-four years

old, was admitted on February 21, 1944, twenty-
four houis after a plane crash. In the accident

he had sustained a compound fracture of the

middle third of the left tibia with loss of bone
substance, in addition to other injuries. The
wound was debrided and closed primarily; and
distraction pins were inserted through the upper
and lower ends of the tibia and incorporated into

a circular plaster in order to maintain bone
length. The compound wound healed by first

intention (Pig. 2-A). An apposing massive bone-
graft procedure was performed on September 15,

1944. Weight-bearing was permitted on De-
cember 8, in a supporting walking plaster. A
supporting brace was applied on March 10,

1945, at which time union was completely solid
'

(Fig. 2-B). The brace was removed on August 1,

1945. The length of the defect bridged was one
and one-eighth inches. Residual shortening of the
affected tibia measured three-eighths of an inch.

C.\SE 3. A private, thirtj'-seven j'ears old.

Fig. 2-C
Anteroposterior and lateral views, fifteen and one-half

months after operation.
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Clwndrodysplasw: Since medullary defects are felt to be a form of faulty development

of bone from cartilage, such lesions ma5’- properlj' be classed under this broad headim'.

Occasionally, calcified bone defects are noted in conjunction with the typical familial type

of chondrodysplasia with characteristic expansion of the shaft in multiple and symmetiioa!

locations.

Osfcoid Osteoma: These lesions maj’-, occasionally, have a superficial resemblance to cal-

cified medullary defects. In these cases, the osteoma is highly^ ossified and is located in tlie

metaphyseal region.—a rare location for it. In the center of the dense sclerosis the lesion

contains an area of translucency, which is not seen in the developmental defects. The pain

and tenderness, which are associated with this lesion, help in its differentiation.

Sclerosing Osteogenic Sarcoma: There is definite pain, often quite severe, with this le-

sion Instead of being sharply demarcated by roentgenogram, the lesion characteristically

fades aw ay into the normal bone structure, often with cortical invasion. Occasionally in the

eaily -tages of this disease, particularly Avhen it involves the proximal portion of the tibia,

the re-emblance to calcified medullaiy defects of bone may'^ be marked. The sarcoma, how-

ever, w ill be found abutting on the cortex somewhere along its peripheiy. This aids in it>

diagnosis.

Osteoplastic Prostatic Metastases: Pain is frequent in these lesions, but they" may be con-

fused w ith developmental medullaiy defects. The histoiy and phy"sical examination may be

significant. These lesions are usually" multiple, more widespread, characteristically in the

pelvis, and usually" are not so dense as calcified medullary" defects. When multiple, their

tendency tow ard a circular, rather than a rounded, nodular structure is evident. There may

be loss of normal bone structure surrounding the lesion, and the density is extremely van-

able. Osteolytic lesions may" be noted in conjunction with osteoplastic metastases.

Bone Infarcts: As described in the literature-, these lesions have a distribution similar

to calcified medullaiy defects and are similar to caisson disease, although an occupational

history may" not be obtained. Roentgenographicalh", these lesions may" appear to invohe

74,

V- »

Fig. 3 Fig. 4--^

Fig. -l-A: Calcified defect removed intact at open reduction of accompanj"ing fracture.
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li-imth of till' (li'fect liridKt'il was two mid ont'-half inches. Residual shortening of the right lower extremity

amounted to (ive-eight hs of an inch.

Cash 7. A private, twenty-two years old, was admitted on April 4, 1045. He had a healed compound

wound of the left leg, and non-union associated with a bone defect involving the lower third of the left tibia,

as a result of a severe shell-fragment wound incurred during enemy action in Sicily, July IG, 1943. Two

Fig. 4-A
_

Fig. 4-A: Case 8, F. B. Bone defect before operation.

Fig. 4-B: Roentgenograms taken during the operation show the steps of the Type 3 procedure with

squaring of bone ends, removing massive half-cylinder grafts, rebedding grafts across defect, and filling

residual donor defects with iliac chips.
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CASE REPORT

Through the courtesy of Carl W. Walter, M.D., it was possible to procure a section of

a calcifying developmental defect for biopsy. This lesion was noted incidental to a spiral

fracture of the distal third of the right femur.

T. F., a white male, sixty-eight years old, a stationary engineer, never engaged in construction work, en-

tered the Peter Bent Brigham Hospital with a spiral fracture of the middle and distal thirds of the right femur,

following a fall on getting out of bed. A calcified developmental defect was found in the distal section of the

fractured bone. Figure 4-A, taken on admission, shows this lesion \\'ith the associated fracture.

At open reduction, this calcified area was removed, apparently intact and easily separated from the ad-

jacent bone, leaving a round defect where it had been nesting. Postoperative roentgenograms revealed that

the lesion had been removed except for two small flecks of calcification. The lesion consisted of reddish tissue,

irregularly shaped into a rounded mass, approximately one centimeter in diameter and two centimeters in

length, and containing hard yellow areas. It was found to be glassy hard and rang when dropped on a hard

surface.

Sections revealed a somewhat irregular area of calcified, non-viable cartilage, at the periphery of which

a slow process of new-bone formation was taking place. Figure 4-B is a low'-power photomicrograph taken at

the periphery of this lesion. It shows all features of the lesion, from calcified cartilaginous matrix on the

left to bone spicules with small attached areas of viable cartilage on the right. A high-power photomicrograph

of the cartilaginous matrix with an area of viable cartilage is shown in Figure 4-C.

DISCUSSION

There is no evidence that this lesion is expansile or has any power of autonomous

growth, and it cannot be classed as an enchondroma. Its location is in keeping with other

cartilaginous disturbances of bone formation; and, as an example of faulty development of

bone from cartilage, it may be classified as one of the many forms of chondrodysplasia.

The pathological and clinical findings lead one to the conclusion that this lesion is a de-

generated calcified island of cartilage, which did not progress to complete ossification at the

time of skeletal growth.

The solitary, non-symmetrical nature of this lesion supports the contention that

trauma may be an etiological factor. Rickets may also be mentioned in connection with

this lesion.
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Fig. 5-A Fig. 5-B

Fig. 5-A: Case 14, T. C. Bone defect before opeiation.

Fig. 5-B; Roentsenograms taken duiing tJie operation show the Type 2 procedure with the steps of

squaring of bone ends, removal of massive half-cylinder grafts, rebedding of grafts acioss defect, and
filling residual donoi defects with iliac bone chips.

Fig. 5-C Fig. 5-D
Fig. 5-C: Anteioposteiior and lateral roentgenograms, ten weeks after the operation.
Fig. o-D: Anteiopostcnor and lateral roentgenograms, five months after the operation. The lenath

of the defect bridged was one and five-eighths inches.
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For instance, it is useless to attempt arthrodesis of the upper extremity in an adult

by using a gi'aft. The primary objectives are to cure the lesions and, at the same time to

preserve as much as possible the mobility of the joint. Both of these ends can be obtained

by resection.

For joints of the lower limb, there are hardlj’- any indications for arthrodesis by graft-

ing, except in the hip. Resection of the knee gives excellent results. Of course, after a cer-

tain age, resection can no longer be done, because fusion would not be good; but in these

cases, bone grafts have little better chance of a successful outcome. In the ankle joint and

in the tarsus, resection is the better procedure, although the results are often uncertain.

In the final analj’-sis, it would seem that the use of bone grafts in the treatment of

tuberculosis of the joints has been overdone in recent years; and we are forced to admit

that their use should be limited.

There still remains a wide field for the bone graft,—^namely, in the two most frequent

and most serious adult tuberculous affections: Pott’s disease and disease of the hip joint.

In fact, before the use of the bone graft, no successful operative treatment for these condi-

tions was available. Resection of the hip, although easily performed, gave unfavorable re-

sults; and in tuberculosis of the spine, direct operations on the focus of infection seemed

inconceivable.

Non-operati'^'-e treatment gave deceptive results in both affections among adults, so

that until about 1920, hip disease and Pott’s disease were considered very serious, and in

both cases the prognosis was grave. The use of bone grafts certainly brightened the picture.

The large number of cases operated upon, as well as the length of time which has passed

since operation, enables us to recommend the measure.

In tuberculosis of the spine, bone grafts have been done most frequently and over the

longest period of time. The writer has practised this procedure for twenty-six years; and,

although the exact number of cases is unavailable, it must be close to 500.

Precautions should be taken both before and after the operation. We think it inad-

visable to operate upon a patient at the onset of Pott’s disease, when the disease is activel)

developing and showing disquieting general phenomena Avith fever, loss of weight, and

intense pain, or when an abscess or a paraplegia has recently appeared. It is better to wad

until the lesions are stabilized and until the patient has in some way given proof of in?

capacity to Anthstand the disease. In fact, it is often AA^ell to immobilize the patient before

operation, and to recommend rest in the mountains or at the seashore.

After the operation has been performed, the patient should be immobilized for aboa

six months, because the bone graft must have sufficient time to become solidly fused "a

the spinous processes, so that it can play the role expected of it. Walking should be star c(

A^eiy gradually, and the patient should Avear a plaster jacket. ,

The belief that a cure of Pott’s disease may be obtained b}’’ placing of a bone gra^^

earlj’’ in the disease, and then alloAving the patient to resume normal life after some rr

in bed, is unfounded. This mistake was made when the method aa^s first used, u

cause the results were so uncertain, the use of the graft aa^s abandoned, on

during the past tAvo decades, since we have realized the importance of

care, grafts haAm been used more and more. Proceeding in this prudent Avaj',
ju

surgical AAuth general treatment, Ave haAm obtained excellent results in Pott s

adults. Cures are usuallj’- stable and definitive, and the patients are able to ta 'e up

active life once again AAuthout any reappearance of the disease, contraiy to our

AAuth non-operatWe methods. We haA^e seen, for instance, a great number of a\ omen
^

completely normal pregnancies after such an operation, and this avouI seem

demonstrative proof.
_ „ IW be used-

An important question arises as to the age at which these graits can
j^econi'''

we haAm said, there are few indications among children. It is only Avlien t e c »

an adolescent, and when fusion of the diseased Ami-tebrae fails, that gra s -
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DISCUSSION

Dr. Jami;s A. Dicic.sox, Ci,nvi;i,AM), Ohio: M:(jor Flanagan and Captain Biirem have made a real

contribution to bone surgery :md have demonstrated what can be accomplished by a Avell-planncd and e.\-

pertly executed i)roeedure in bridging bone defects.

One might be a little skeirtieal about, the end results following such extensive surgery in the involved

bone, but the solid bony union with re-establishment of contour of the shaft of the bone and the consi.stently

excellent results are striking and convincing testimony that their principles are sound. Thej' have developed

a very ingenious method of freeing the grafts from the host without interfering with the pcrio.steum and the

blood supply of the remaining iiortion of the bone, which principle, I am sure, plays an important role in

their success.

In the last analysis, they are making use of the best features of the dual graft without interfering with the

good leg, which, we must admit, has definite advantages.

After World War I, many attempts to bridge bone defects were carried out along the lines suggested

by Hey Groves; but. due to the lack of suitable metal screws, the results were disappointing in many in-

stances. Now that wo have Wtallium screws to assure positive internal fixation, and chemotherapj’', together

vith this method of preserving a good blood supply in the host fragment, excellent results are the rule rather

than the exception, as Major Flanagan and Captain Burem have so ably demonstrated.

I certainly agree with them that the preoperative reconditioning of the patient and of the affected ex-

tremity is most important, and I am sure this played no small part in the excellent results they obtained.

It has been a great pleasure indeed to have had the opportunity of discussing their paper, and I feel that

Major Flanagan and Captain Burem have demonstrated the application of very sound principles and are to

be congratulated on their excellent piece of work.
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mobilization, under the protection of Avhich it is safe to allow the patient to resume walking

gradually. As time passes, the graft strengthens. Roentgenograms of grafts taken .<;omc

years after their application always astonish physicians, who have hitherto been adherent';

of the old classic dicta that grafts live only with difficulty and have a tendency to be ab-

sorbed.

After hip disease has run its course, grafts can still render greatservicebyfixingthehi])

in good position, enabling the patient to walk better, and preventing reactivation of the

infection. It is a reconstructive operation, devised for cured lesions. Above all, it is indi-

cated for children, in whom one sees great destruction of bone. The extra-articular graft

placed as a bridge from the ilium to the trochanter would break or tear its insertions during

growth: so we must have recourse to a different procedure. For a long time we have com-

bined an intra-articular and extra-articular arthrodesis, which we have called mixed

arthrodesis. After having opened wide the joint, we scrape the articular surfaces. Then,

with a graft taken from the wall of the ilium or from the tibia, xve join at the same time

the cotyloid rim, the head, and the neck of the femur to the level of the greater trochanter.

Thus is formed a solid bonj’- block, and the growth of the femur is not liindered.

In conclusion, it seems to us that, among adolescents, adults, and aged people, im-

mobilization grafts have been of great help in the treatment of tuberculosis of the joint^;;

and in two of its most frequent and most severe localizations, in the spine and the hip, end

results have been greatly improved bj’- bone grafts. Among children, the use of grafts lia"'

brought only slight modifications in the treatment of Pott’s disease and tuberculosis of the

joints. However, in the sequelae of hip disease these immobilization grafts have been

found to be extremel}' useful.
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TABLE I

DisTiunuTioN' or Non-Ossbous Di;n:cTS

Niiml)er of

Patients Per Cent.

Distal portion of femur

Proximal portion of tibia. . . .

Proximal portion of femur. . .

Proximal portion of humerus.

Wng of ilium

Patella

Proximal portion of fibula . . .

^'ertebra

25

6

3

3

2

1

1

1

59.5

14.3

7.1

7.1

4.8

2.4

2.4

2.4

Total 42 100 0

only after they have become calcified. This is in contradistinction to lesions such as

Schmorl’s nodes.

DISTRIBUTION

Histories and roentgenograms of cases noted in private practice were secured through
the courtes}’- of Louis G. Howard, M.D, Statistics on the distribution of calcified medullar}'-

defects were secured from an additional thirty-one cases. A total of forty-two cases were
examined roentgenogl•aphicall5^ and the distribution of these lesions is summarized in

Table I. Their predilection for areas where skeletal growth is greatest was noted, with the
distal portion of the femur the site of 59.5 per cent, of the lesions.

Typicall}'-, these lesions are solitary
;
but in one case, ivhen the wing of the ilium was in-

volved, the occurrence was bilateral; and in another case a lesion was found both in the
«dng of the ilium and in the neck of the femur.

CLINICAL DESCRIPTION

None of these patients complained of pain that could be ascribed to the area occupied
by the calcific bone mass. All the patients were in the age group of forty years and over,
with the exception of a veteran, aged twenty-four.

'

Three of these patients were subjected to a clinical and roentgenographic follow-up
of from six months to Uvo years. In that period they remained symptomless, and no
changes in the roentgenographic appearance occurred.

In all cases the lesions were found during the search for pathological changes in the
neighboring joint. These pathological changes ran the gamut of orthopaedic conditions and
included such lesions as tuberculosis, coxa plana, and degenerative arthritis. '

DIFFERENTIAL DIAGNOSIS

The fact that this lesion is symptomless helps to distinguish it from the following dis-
eases in which other pathological changes are involved

;

Caisson Disease of Bone: The occupational history and the presence of some pain are
characteristics of this condition. Roentgenographically, the lesion is not uniformly dense,
but appeals as irregular areas of translucency and will frequently be found in conjunction
iiitli aithiitis of the neighboring joint. A thin band of calcification surrounding the area
IS not uncommon.^ This was not seen in cases of calcified medullary defects. The distribu-
tion of the lesions in caisson disease is often multiple rather than solitaiy, and may involve
the mid-shaft of the bone. As a rule, the bone involvement is much more extensive than
that of the calcified non-osseous defects.

VOL. 29. XO. 3. JULY 1947
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Ihin wall of ealeifiealion. Their density is not even. Theic is often an associated aithiitis.

Fig 4-B
Low -power photomicrogiaph taken at the peiipherj’- of the lesion a indicates calcified cartilaginous

matri\, b, bone spicule, c, attached area of viable cartilage.
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Without disturbing the position of the electrodes or the settings of the amplifier;;,

and without grossly altering the position of the subject, the weight was transferred to

the opposite limb. A small block was placed under the foot so that the extremity from

which the recordings were taken just cleared the floor -snthout the necessity of flexiii

either the hip or the knee. The distance between the heels of the two feet was kept at ]e.-;s

than five inches. Around the ankle at the level of the lateral malleolus was placed a strap,

to which was fastened a spring scale whose excursion was veiy small. The elongation of

the spring was less than one centimeter when the scale registered from zero to fifty kilo-

grams. The location of the femoral head was marked on the anterior aspect of the groin,

as determined by palpation of the femoral arteiy just distal to the inguinal ligament. The

distance from the femoral head to the middle of the strap about the ankle was measured

in centimeters. The power of abduction could be measured accuratelj;' and expressed as

a rotatory force in kilogram-centimeters by multipbdng the distance from the center of

rotation of the femoral head to the leather strap b3'’ the reading on the spring scale (Fig. 2).

Simultaneously', the action potential of the contracting abductors could be recorded.

From four to eight loci were plotted from zero to the maximum power of abduction, and

were connected by^ means of a smooth curve. From the graph could be obtained the value

of the toz-que at any;- known action potential. The action potentials of the abductor muscles

of the hip, when the patient was bearing weight upon one lower extremity^, could be trans-

lated directly;’ into moments of force (torque). From the graphs of each subject (Fig. -1),

the experimental torque so obtained could be compared with the theoretical torque

determined previously^

The values for experimental torque, taken with the pelvis level, were consistently

lower than the calculated values for theoretical torque. The disparity between the two



IMMOBILIZATION AVITH BONE GRAFTS IN THE TREATMENT OF
TUBERCULOSIS OF THE JOINTS AND POTT’S DISEASE *

BV PnOFKSSOn EWKNNK SOBJUSL and jMADAME SOnUEL-DEJEniNE, p^nis, FBANCE

In 1920, wlien the nse of bone grafts for immobilization in the treatment of Pott’s

disease was first begun in France, the method was new to us and untried. Although Albee

had alread.Y performed the operation in the United States, and his technique had been fully

described, his operative method had been severe^’’ criticized. Favorable results did not

seem to follow the few trials made in France before 1914; and, during the long years of

World War I, interest in the perfection of the technique, of necessit}^ waned. However, after

1918, interest in bone grafts was revived, and a great deal of study was devoted to their

successful use.

From the first, it was realized that fixation of the diseased vertebrae b}"- a bone graft,

although not universall3’- applicable to all cases of Pott’s disease, would give excellent re-

sults under certain Avell-defined conditions. By analogy, the same method could be applied

in treating tuberculosis of the other joints. Some good results ensued; in other cases, how-

ever, the results were not so good as those obtainable by methods alread}’" in use.

In short, in this paper, the uTiter is attempting to sum up from his own long experi-

ence the progress which has attended bone-grafting in the treatment of joint tuberculosis

over the j’-ears.

Fixation bj'’ bone graft certainb’’ must not be performed routinely'' in all cases of joint

tuberculosis. There are two reasons wh3
'’ it is onl3

'- rarely indicated for children : first, be-

cause often cures may be effected, especially in 3’’oung children, leaving them with good joint

function and in better condition than if the joint had been blocked by a graft. In producing

true bony ankylosis, two bare and ulcerated bones must be brought into direct contact.

In children the epiph3''ses are for some years formed of a bony nucleus imbedded in cartilage,

and such tissue is unfavorable ground for the deAmlopment of tuberculosis. It frequently

happens that with the passage of time the articular ends remain, if not intact, at least not
completely destro3’^ed; and some cartilaginous tissue remains to prevent bony fusion. On
the other hand, in children suffering from Pott’s disease, there often occurs a fusion of the
diseased vertebrae, which results in a cure as definite as that brought about by the use of

a graft.

The second and cAmn more important reason AARy grafts are not often indicated for

children concerns the groAvth of the skeleton. For example, to immobilize a knee joint, the
bone graft must act as a bridge from femur to tibia oA'^er the epiphyseal cartilage. As the
femur and the tibia groAv, the bone graft, A\Rich does not stretch, may break or pull aAA^ay

from its points of insertion, oy, if it holds, genu recurA'-atum, genu A’-algum, or genu A'^arum

ma3' deA^elop, conditions which are difficult to correct. The same situation holds true, not
onl3>- for all bone grafts in the other ai'ticulations, but also for those in Pott’s disease.

If shorter grafts are used AA'hich doAmtail the tAvo bony extremities, and pass through
the epiph3^seal cartilage, the results are eA^en more unsatisfactoiy, for to the deformity of

the limb there are added other problems of groAHh. In other Avords, success in the use of a
graft can be looked for onl3’' AA'hen groAvth has almost ceased.

Further consideration of the possibilities for treatment of tuberculosis of the joint
after groAvth has stopped leads to the conclusion that measures other than bone grafts are
often satisfactoiy Avithout being harder on the patient or more difficult for the surgeon.
Except in a few special cases, it seems unnecessary to substitute immobilizing grafts for
other treatment.

*Read at the Annual hleeting of The British Orthopaedic Association, London, October 18, 1916.
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lized. Fiirdicrmovc, they may he used until the patient has readied a fairly advanced age.

One of our patients was fifty-eight when a graft was first applied for a very .serious case of

Pott disease, localized in the thoracic region. This patient resumed active life a year later.

After ten years he underwent prostatectomy. He is now seventy-eight years old, and is

very well.

Another one of our patients, a physician, was sixty-three at the time the graft ivas

applied for Pott’s disease in the cervical region. This patient has remained perfectly well

ever since.

Wherever Pott’s disease may be localized—in the cervical, thoracic, or lumbar regions

—the technique is about the same, differing only as there exists or does not exist a marked

kyphosis.

If kyphosis exists, it is better to take a flexible graft from the tibia with the hammer

and chisel. This graft will adapt itself better than the rigid graft to the curve of the kypho-

sis. If kyphosis does not exist, it has been found that the rigid graft, taken with the double

electric saw from the tibia, according to the method of Albee, is the best. The over-all

result is the same, and whether the graft is rigid or flexible, it provides complete im-

mobilization.

For hip disease in adults, arthrodesis with the use of grafts has modified the formerlj^

grim prognosis. We harm operated upon a great number of patients with hip disease during

its development; and, judging from the time which has elapsed since the first operation,

we feel that the results ma3
'- be called satisfactoiy.

In the report which we presented in London in 1933 at the Congress of the Interna-

tional Societ}'- of Orthopaedic Surgeiy, we pointed out that at that time we had alread}'-

seen seventy-five of our old patients, twent3’--nine of whom had been operated upon from

two to six jmars previouslJ^ The number of patients operated upon has increased con-

siderabl5^ Thirteen jmars have passed, and the results have demonstrated the success of

the operation.

As with Pott’s disease, prudence must be exercised, and the patient should be operated

upon onlj^ Avhen the general and local conditions allow it. One of the most important lessons

for the surgeon dealing with active hip disease is that of learning to wait before operating,

while carrjdng out preliminary general treatment. After the operation, complete immobi-
lization in plaster is necessary for a minimum of three months, and sometimes for six.

Arthrodesis with a graft for active hip disease cannot be done on ^mung childreA for

the reasons alreadj'' mentioned, but can be emplojmd from the thirteenth or fourteenth

yesLV to a fairly advanced age.

One of our patients was fifty and, although her hip disease was of a severe form, she

could walk again three months after the operation, and is now, at sixtj'', verj^ well.

Another patient was fifty-six. After being immobilized for three months, she took
up active life. During a period of eight j’-ears, we continued to hear that she was well, but
during the War we lost track of her.

Another patient fractured her gi'aft in the course of a bad fall. This graft united veiy
well. We have seen other similar examples which prove the viability of these grafts, and
the confidence which one can have in them.

In cases where arthrodesis is performed during the progress of hip disease, a well-

defined technique should be followed

:

The graft should be placed at a certain distance from the diseased joint. We have
found that the technique giving best results uses the extra-articular graft, which is taken
with the electric saw from the tibia, and which is placed so as to unite the wall of the ilidm
and the trochanter bj’' a fixed bon}'' bridge.

Like the vertebral grafts in Pott’s disease, these iliotrochanteric grafts in hip disease
gir-e admirable results. Thej'- fuse solidlj’- at their extremities in the iliac wall and in the
trochanter. The^^ develop and grow larger. After some months, the}^ result in absolute ini-
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FUNCTIONAL ASPECTS OF THE ABDUCTOP MUSCLES OF THE HIP *

BY VEUNK T. INMAN, M.D., SAN FRANCISCO, CALIFORNIA *

/•Voiii the Dcp-irtmcnt of Surgery, Division of Orthopaedic Surgery, and the Department of Anatomy of the

University of California Medical School, San Francisco

INTRODUCTION

The ghUaeus medius limp is characteristic and familiar to most physicians. To the

orthopaedic surgeon it presents a problem n'hich is easy to understand, but difficult to

solve. To date no surgical procedure has been devised, either in the form of muscle trans-

plantation or osteotomy, which will improve adequatelj'- the function of a hip deprived

of its abductor muscles. In addition, a study of patients who have suffered paral5\sis of

the abductor muscles in infancy discloses that the growth of the proximal end of the

femur is altered on the involved side. The normal angulation of the femoral neck fails to

develop, and coxa valga results.

Before an}'’ surgical procedure for the improvement of hip function can rest on an al-

together sound physiological basis, or an explanation can be offered for the alterations in

the growth of the femoral neck, a knowledge of the forces acting about the hip joint should

be available. The most important forces appear to be those related to the pull of the

abductor muscles, and further study of their function seems warranted.

Furthermore, a knowledge of the direction and magnitude of these forces greatly

illuminates certain features, not only in the etiology of coxa valga, but also in that of malum
coxae senilis, as well as pointing to the significance of the fascia lata and some of the effects

of its shortening.

An attempt has been made to simplify this complex problem by considering it to be

purely one of statics, and to discuss forces only in two dimensions. While it is realized

that this is a three-dimension problem, only the static forces acting in the frontal plane of

the body will be considered in this investigation.

It is apparent that the measurements of the forces developed by the abductor muscles

in the living subject cannot be obtained directly, so that an indirect method must be
employed. In this study, the method has consisted of the following steps:

1. Theoretical calculation has been made of the torque about the hip, when the

subject is bearing weight on one extremity.

2. The value of the theoretical torque is checked experimentally.

3. '\'\Tien a determination has been made of the value of the torque which the abductor
muscles must resist, the pull on the individual muscles and tendinous structures may be
calculated.

THEORETICAL TORQUE ABOUT THE HIP JOINT

The minimum theoretical value of the torque about the hip, due to the center of

gravity of the body being medial to the center of rotation of the hip joint when weight
is borne on one extremity, is readily ascertained. Since the center of gravity necessarily

lies in the median sagittal plane, the torque is the product of the body iveight and the
distance from the median sagittal plane to the center of rotation of the femoral he
(Fig. 1). At first glance, it ma}'- appear that such an estimate of the torque is erroneo
because the mass of the limb upon which the weight of the body is bein
the level of the hip joint, and should be deducted from the weight of t

however, the center of graA’ity of the supporting lower extremity can
* Tliis investig.ation w.as made possible through a grant from the National

Paralysis, Inc., New York, N. Y.
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Fig. 7

Final vector diagrams for static forces.

sagging 15 degrees, and (3) with the pelvis elevated 15 degrees on the non-weight-beaiing

side. These were the positions employed in the experimental investigation of toiqur.

With the pelvis level, the resistant torque about the hip was divided almost equall}

tween the iliotibial tract and the muscles (Table I, Column D). With the pelvis sagg'it-

15 degrees, the torque was resisted almost entirelj’’ by fascial tension alone (Taic
^

Column C)
;
and with the pelvis elevated 15 degrees, the torque was resisted by the muse c.

alone. In these three positions, the resultant force on the pelvis Avas determined geome

rically bj^ the poWgon method (Fig. 6). j.

The resultant intersected the horizontal plane at approximately the ®

roughened area of the trochanter for the attachment of the glutaeus minimus, ns

was selected as a point of application of the abducting force; the distance ^

'pelaiica

to the center of rotation of the hip joint Avas the length of the leAmr arm. ns

AA'as measured on the roentgenograms of the experimental subjects. ^

ment, all factors were aAmilable to complete force diagrams AA’hich include
^

a
.j.,),.

static forces acting in the coronal plane about the hip. An analj’^sis aaus cariie on

For clarity of presentation, the three steps emplo3md in the graphic

Llustrated separately (Figs. 5, 6, and 7). Figure 5 indicates the met oc

^
he theoretical force, F, acting in the vertical plane on the pehns at t e

j i^y the

rhich is necessary to hold the pelvis in equilibrium against the momen
‘

^ ^

enter of gravity being medial to the center of rotation of the hip ]om .

he manner of calculation, by the pob^gon method of the resul an
, ,

0 the pull of the muscles and the passive tension of the iliotibial tra
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which iho coi\tov of gravity of the supporting extremity deviates from the vertical plane

passing through the center of rotation of l.hc femoral head will influence the validity of

the calculations; and an attempt must bo made to measure the magnitude of this deviation.

The center of gravity of the lower extremities of six cadavera, which had been

amputated by the guillotine method through the center of the hip joint, was determined

by the familiar method of suspending the extremitj’- in two positions. It was found that

the center of gravity in a horizont.al jilanc lay a]i])roximatcly tw^o thirds of the distance

from the heel to the hip joint (00.47 per cent. 1.17 per cent.), and just medial to the

shaft of the femur in the vertical plane. When these data were applied to living subjects,

the ap])roximatc center of gravity was marked on the thigh; and a plumb line was dropped

from a imint or'er the femoral head to the floor. It was found that, in the experimental

position, the center of gravity of the extremity did not deviate from the plane of the

plumb line more than 1 .5 centimeters. Because of this small deviation, it was felt that the

assumptions made for the theoretical torque, utilizing the total body weight without

correction, were justified.

The minimum theoretical torque was calculated on thirty-five noi’mal individuals

(eighteen males and seventeen females) between the ages of nine and fifty-one. In order

to determine the center of rotation of the femoral head and the length of the lever arm,

roentgenograms of the pelvis of each subject were taken at a distance of six feet. The

center of rotation was found by dropping a series of perpendiculars through the mid-points

of chords constructed in relationship to the circumference of the femoral head. The

distance so established between the center of rotation of each hip joint was measured in

centimeters and dirdded by two, thus providing the distance from the median sagittal

plane of the body to the center of rotation of each femoral head (Fig. 3). The subjects

were weighed to the nearest tenth of a kilogram. The minimum theoretical value of the

torque U'as then found bj'’ multipljdng the body weight by the distance from the median

sagittal plane to the center of rotation of the hip joint, and expressing the value in kilo-

gram-centimeters .

The magnitude of the torque in kilogram-centimeters was discovered to be, in males,

10.00 ^ 0.86 times the body weight in kilogi’anis; and, in females, 9.4 =<= 0.97 times the

body weight in kilograms.

After these values had been obtained, it was considered desirable to employ some
method of checking empirically the theoretical calculations. This was done by the follow-

ing method, the same subjects being utilized so as to permit a comparison of the value of

the theoretical and the experimental torque in each instance.

TORQUE DETERMINED EXPERIMENTALLY

The determination of the experimental values of the torque about the hip joint on
the Aveight-bearing side ivas based upon myographic recordings. Both skin and needle

electrodes were utilized. The electrodes were placed in or over the tensor fasciae femoris,

the glutaeus medius, and the glutaeus minimus. The action currents rvere amplified by
means of the Grass electro-encephalograph, and the output ivas passed through a voltage

integrator to facilitate the estimation of the electric potentials.

The action potential Avas obtained as the individual bore all his AA'^eight on the limb
to Avhich the electrodes AA^ere applied. The opposite extremity Avas flexed at the hip and
the knee, just sufficientty to clear the floor. The abductors necessarily contracted to keep
the pehns leAml and the degree of contraction AA’^as recorded by means of the myograph.

The recorded action potentials so obtained from the abductors AA^ere translated into
the rotatoiy force (torque in kilogram-centimeters) exerted by these muscles as thej’’ acted
to maintain the pehds leA'^el bj’’ plotting an experimentally determined force cuinm, the
oidinate indicating the action potential and the abscissa the torque in kilogram centi-
meters. The loci AA’ere determined in the follcAAing manner:
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latter force exceeds the weight of the bodj’- by a i*atio of from 1.4:1 to 1.9:1. The minimum
static pressure on the head of the femur is approximately 2.4 to 2.6 times the body weiglit

Normally this force is not borne vertically, but at an angle of approximately 105

to 170 degrees from the vertical and in line udth the medial trabeculae of the femoial

neck. This static force remains constant in direction, irrespective of whether the pelvis ij.

elevated or depressed on the non-weight-bearing side.

With the knowledge of the direction of the reacting force through the head and neck

of the femur against the pelvis, the changing angle of the capital epiph3fsis during gro^\ th

becomes partiall}’’ explicable. Close inspection of roentgenograms of the upper end of the

femur in individuals of various ages reveals that the epiph3’-seal line alwa3^s lies at a liglit

angle to the direction of the medial trabeculae of the femoral neck (Fig. 9). Since the

reacting force in the femur follows these trabeculae, there is no sheer on the epipliyseal

cartilage. The onl3
’- force to which it is subjected normally is a compressional one. As

growth occurs, with increasing length of the femoral neck and increasing angle of pull of

the abductor muscles and the fascia, the epiphyseal cartilaginous plate rotates so as to lie

perpendicular to the equilibrant force in the femoral neck.

The interrelationship of these forces becomes altered in cases of parah’^sis of the abductor

muscles and in congenital dislocation of the hip. In the first instance, the loss of muscle

power prevents the attainment of equilibrium with the body in a normal position. To

prevent the pelvis from rotating toward the non-weight-bearing side, the individual shifts

his center of gravity over the affected hip by bending to that side. The resultant forces,

acting through the hip, become more nearly vertical. The equilibrant or reacting force in

the femoral neck likewise shifts toward the vertical; the epiphyseal cartilaginous plate,

remaining perpendicular to these forces, continues to be relatively horizontal; and co\a

valga results. This is a constant finding in individuals who have had paralysis early in

life, and the degree of coxa valga is in proportion to the loss of muscle power.

Coxa valga occurs in individuals suffering from congenital dislocation of the hip,

for the same factors are at work. In these cases, the loss of fulcrum prevents the normal

development of the abducting forces. The load is borne vertically on the femur, and the

capital epiph3'-sis reacts b3
’- remaining horizontal.

Fig. 9
.fcnior.il

Roentgenograms show the relationship of the capital epiphpis to the medial
j

°

*

neck at larious ages: left, at fifteen montlis; center, at eight years; and right, m the

^

^
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values was sufRcicntly great to indicate that factors other than those already taken into

account were responsible. The experimental torcpic, in general, was about one third to one

half lower than the corresponding values for the theoretical torque. Further investiga-

tions were undertaken to determine the cause of the.se differences.

The original subjects were studied again but, instead of limiting the myographic

recordings to the position where the jDelvis was held level while the subject was bearing

weight upon one lower extremity, additional recordings were secured as the pelvis was

elevated approximately 15 degrees on the non-weight-bearing side and as it was permitted

to sag on the non-weight-bearing side until the subject felt completely relaxed.

Usually the angle of pelvic sag was about 10 to 20 degrees. In this way, it was felt that

the full contraction of the muscles could be recorded without the po.ssible limiting

effect of rigid connective-tissue structures, such as fasciae and ligaments, and that the

precise influence of these structures could be detected.

As the pelvis was elevated, the action potential of the abductors increased until the

experimental torque agreed very closely with the theoretical torque. As the pelvis was

permitted to sag, the action potentials gradually decreased until, at a position between

10 and 20 degrees of pelvic tilt, a posture was reached which could be maintained with

little or no muscle contraction, as indicated b3'- the action potential. Palpation of the

thigh with the pelvis in the sagging position, however, indicated that the fascia lata was

tense. The pelvis apparentlj'’ was prevented from further depression almost entirelj’’ bj'-

ligamentous pull.

In addition to these observations, the maximum pull of the abductors, expressed as

torque (kilogram-centimeters), was calculated for each individual. The results calculated

from these data and the conclusions drawn from these results are given below.

COMPARISON OF THEORETICAL AND EXPERIMENTAL TORQUE AND LIMITING FACTORS

The average difference between the theoretical torque and the experimental torque

is 9.3 5.7 per cent, for the males, and 8.9 =*= 4.9 per cent, for the females. The actual

magnitude of the torque in kilogram-centimeters, as established both theoretically and
experimentally, is approximate^" ten times the body weight in kilograms.

It is quite apparent that, when the subje'et is standing on one extremity with the pel-

vis level, the force which prevents the pelvis from rotating about the supporting hip is

not due entirely to muscle pull. A considerable amount of force is contributed by pas-

sive tension on the fascia lata and the iliotibial tract. To cause the passive tension

of the ligamentous structures to become slack and to make the muscles alone

maintain the full load requires elevation of the opposite buttock and a pelvic tilt of ap-

proximatel}" 10 or 15 degrees toward the side of the weight-bearing extremity. As the

pelvis is depressed toward the non-weight-bearing side, the fascial structures become
increasingly taut and assume a greater and greater degree of the total force, until a point

is reached where little or no muscle contraction is required.

After force curves (Fig. 4) have been plotted for each experimental subject, further

information can be determined from them. The torque produced by muscle contraction

alone, for the three positions of the pelvis, can be read directly from the graphs. The
ratio of muscle used to the total muscle power available can be calculated readily. While
there are wide individual variations, due to such factors as the shortness of the iliotibial

tract and the degree of muscle development, average values have been calculated for the
series. The extent of the variation is indicated b3'’ the size of the standard deviations. The
quantitative data are given in Table I.

The importance of the fascia on the outer portion of the.thigh now becomes apparent
and, furthermore, helps to explain the great disparit3

'’ which exists between the mass and
size of the abductors, excluding the glutaeus maximus, as compared with that of the
adductors, which contribute but a small part toward maintaining the parallelism of the
pelvis. The actual combined mass of the glutaeus medius, the glutaeus minimus, and the



THE USE OF HOMOGENOUS BONE GRAFTS

A Pkeliminary Report on the Bone Bank *

BY LEONARD F. BUSH, M.D., DANVILLE, PENNSYLVANIA

From the New York Orthopaedic Hospital, New York, N. Y.

Since ^'lacewen reported the first successful transplantation of bone from one person

to another in 1878, the use of homogenous bone transplants has received onl}^ casual notice

by orthopaedic surgeons. The reason for this has been twofold: First, the fate of lioinoge-

nous bone transplants was uncertain; and, second, the preservation and availability of such

tissue has been an obstacle. In the past, homografts have been used—especially in difficult

cases where autogenous grafts have not been available—in such conditions as osteogenesis

imperfecta, congenital pseudarthrosis, and other diseases of the bone in children.

The object of this paper is to review the literature, to report results following tlic use

of homografts of bone in sixty-seven operations, and to report the microscopic studies of

biopsies, the effects of blood type and Rh factor, and the methods used in the preservation

and storing of bone.

Ghormlev^, in 1942, reported the use of homogenous and sjmgenesioplastic (syngen-

esioust) bone grafts in nineteen operations; eight were failures. In three, homografts

were used in cases of congenital pseudarthrosis. Inclan reported the use of homogenous

grafts in eight patients with six good results, one fair result, and one failure.. Smith re-

ported a series of four cases of osteogenesis imperfecta in which homogenous bone was used

with excellent results. Lexer, Gill, and Maj'- have transplanted whole or half joints from

homogenous sources with what would seem to be surprising!}’- good results.

Excellent experimental work with animals has been conducted by Macewen, Brooks

and Hudson, Keith, Phemister, Murray, Axhausen, Hey Groves, Campbell, Ghormley and

Stuck, Haas, Albee, Key, McGaw and Hax-bin, and Urist; upon their work is based our

present knowledge of bone-graft surgeiy.

The work of some of these authors indicates that the deeper cells of cortical bone

die, but that some of the cells near the periosteum, the endosteal surfaces, and the accessi-

ble Haversian canals live and grow to form new bone. The new bone develops, either from

the surviving bone cells of the graft or from cells of the host, by metaplasia of connective-

tissue cells. Finall}^, the graft is completely replaced by new bone, a process which has been

aptly termed b}^ Phemister as creeping substitution, and Avhich Axhausen had pre^'iousl3

called schleichender Ersatz. Gordon feels that grafts die and are graduall}^ absorbed aii(

replaced. y ^

The studies at the New T’ork Orthopaedic Hospital tend to support the findings

Phemister and others in respect to autogenous grafts. It is felt that a small propoihon o

bone cells live after transplantation of the graft. Except for the clinical results, the i c'*

ture gtyes no information in regard to the histological fate of homografts in the huma

jMacewen, Ghormley, Inclan, and Smith have reported their clinical results.

Loeb stated recentty that, in animals: “The bone marrow, as a rule, siinn^f

under veiy favorable conditions of s3mgenesiotransplantation”.
The bone v as

but “ it was often diflacult to decide whether the cells . . . had come from the sun oiii

connective tissue, or whether the}'- were actually preserved bone cells
.

^ ^,fiillv

Armstrong stated, regarding homogenous grafts: “Bone grafts can be
I,,,

transferred from one individual to another should the necessity arise. The

healthy and free from infection, and on no account should a preliminary bloo in\ e.

* Read before the New York Academy of Medicine, Februarj' 21, 1947.
. appr"!”’'-''"

t Although previously used as a botanical term, this word seems from ds derivation 1

1
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5. Blood types, according to the author’s studies, have no bearing on the success or

failure of the bone graft. In a series of sixty-seven operations in which homogenous bone
was used, careful records were kept of the blood types and the Rh factor of the donors ami
the recipients. The postoperative course was not influenced by the compatibility or non-

compatibility of the blood groups. In identical operations, the morbidity of patients who
had autogenous or homogenous grafts, or both, was similar.

Of seventy-three bone donors, the blood was compatible with the recipient’s blood in

twenty-seven, non-compatible in twenty-eight, and unknown in eighteen. These statistic'

would indicate that, in considering the use of homogenous bone for grafting, blood-typini;

studies are unnecessary.

6. The Rh factor, which is a property of the red blood cells, has no bearing on the

results in the use of homografts.

METHODS OF USING AND STORING BONE

1. Direct or Immediate Grafting

Bone maj’’ be obtained from other patients upon whom operations are being pci-

formed simultaneously, or from relatives who are admitted to the hospital for this purpose;

it maj’’ be transferred directly from the donor to the recipient. This method of transfer ha‘'

been used in fifteen instances for homografts and in nine instances for syngenesious grafts.

2. Delayed Grafting

Delayed grafting, whether autogenous or homogenous, is the storing of bone in the

tissues of a patient for use in secondary operations. This method has been used successfully

on several occasions, but should rarely be necessary in institutions where a method of

keeping a supply of bone in a bank has been instituted.

3. Refrigeration

This is a convenient method of preservation. For tissue to be used in the human, the

temperature and duration of storage are important. The following methods of refrigeration

have been used in the New York Orthopaedic Hospital;

Showing the equipment in which the bone is stored.

^ ^ ^ ^
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Fig. C

Method of calculating the resultant, R.

The plane selected as horizontal was the one passing through the centers of rotation of both

femoral heads. The angles were measured on three cadavera, and average values were

calculated. These average angles were taken as determining the direction of the forces

exerted bj'’ the muscles in the construction of a vector diagram.

The greater portion of the glutaeus maximus lay below the center of rotation of the

hip joint, and onl}'^ a minor portion of this muscle could conceivably act as an abductor.

This finding corroborated an earlier established observation that no action potential

could be obtained from the glutaeus maximus when the bodj’^ was balanced on one ex-

tremit}'' with the hip in complete extension. It was felt to be reasonably certain that.the

principal muscles involved in preventing pelvic rotation were the tensor fasciae femoris,

the glutaeus minimus, and the glutaeus medius, together with the passive resistance of

the iliotibial band.

After the direction of the pull of the muscles had been determined, it became neces-

sary to estimate the magnitude of the force exerted by each. This was done by assuming

that the force of each muscle would be approximately proportional to its mass. The
tensor fasciae femoris, the glutaeus minimus, and the glutaeus medius were dissected

carefullj" from five cadavera. These muscles were cut into small strips and desiccated to a

constant dry weight. The ratios of the average muscle masses to each other were as follows

:

Tensor fasciae femoris 1

Glutaeus minimus 2

Glutaeus medius 4

For ease of calculation, it was assumed that the point of application of the forces

produced by the abductor muscles and the' iliotibial tract was at the center of the rough

area on the superolateral aspect of the greater trochanter. This was demonstrated to be

accurate for the glutaeus medius and the glutaeus minimus, although the line of action of

the tensor fasciae femoris fell slightly medial to it. Because of the small contribution of

this muscle to the whole, it was felt that the resultant error would not be significant.

With these data, a force diagram could be constructed for the calculation of the
resultant of the individual forces caused bs’’ the pull of the muscles and the tension of the
fascia lata on the pelvis. Each force vector was drawn at the angle determined from
roentgenographic studies, with its length in proportion- to the muscle mass which i

represented. Three positions were utilized: (1) Awth the pelvis level, (2) •\Wth the n
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TABLE II

Sources of Homografts of Bone

Ilium
26

Tibia
29

Ribs
. 2

Talar bones 22

Phalanges and metatarsals 24

Total 73

enous bone had been emploj^ed. Microscopic studies showed the bone spicules to be dead,

being surrounded loy connective-tissue cells tvith osteogenesis taking place by metaplasia

of these cells, as shown in Figures 3-A, 3-B, 3-C, and 3-D. The homogenous bone, although

dead and disintegrating, seems to form a trellis and to act as a stimulus for new-bone

formation, and produces the necessary supply of local calcium salts for calcification of the

callus. The bone is absorbed or disintegrates, and the cortical fragments are gradually

replaced bj^ living bone cells. These findings .simulate those of Leriche and Policard, and

of Greig.

Excess bone, remo\md from the ilium during such operations as arthroplasties and

fusions of the hip, as well as bone from the tibia and from other sources, is placed in the

bank. Prior to storage the bone is cleaned; it is cut into small pieces when used. Cortical

bone is usually cut into small strips the shape of match sticks (one to two inches in length
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lions of the pelvis. Figure 7 illustrates the final vector

diagrams for (he static forces, acting in the coronal plane.

Both translalory and torsional forces are depicted.

Analysis of the vector diagrams disclo.scs that, because

of the interplay between fascial tension and active muscle

contraction with the pelvis in various positioias, the reacting

force, E, remains relatively fi.xed in its angular relationship

with the vertical, although its magnitude may vary, due to

the shift in the center of gravity.

It can be said, then, that the direction of the reacting

force through the head of the femur is constant and, therefore,

independent of (he position of the pelvis. The angle of this

force with the vertical is from 1G5 to 170 degrees.

This observation is significant, for it indicates that the

weight of the body normallj’’ is not borne vertically on the

femur, but at an inclination which corresponds closely with

the direction of the medial trabeculae of the femoral neck.

To determine the precise angle between the medial trabec-

ulae of the femoral neck and the vertical, while the subject

was bearing weight on one lower extremit3'’, further studies

were carried out. Roentgenograms were taken of a group of

nine individuals while each was standing on one extremity.

The angle of the medial tz-abeculae was measured directly on

the weight-bearing side. This angle measured 169 degrees

=±= 0.9 degree from the vertical. In addition, the difference

between the angle of the neck and the medial trabeculae

was measured on thirty-eight roentgenograms, taken at

random. The value of this angle (Fig. 8,t) varied slightly in

males and females, but averaged 21.1 degrees 2.3 degrees

(males 21.44 degrees ± 2.16 degrees and females 20.81

Fig. 8

Determination of angle between
medial trabeculae of femoral neck
and the vertical.

degrees =t 1.97 degrees). The average angle of the femoral neck (Fig. 8,n) was determined
on 150 roentgenograms of adults, and was found to be 136 degrees 7.2 degrees (males
135 degrees ± 6.6 degrees and females 137 degrees ±7.1 degrees). The average angle of

inclination (Fig. 8,i) of the femur was quoted as 9 to 10 degrees by Martin and as 9 to 15
degrees by Walmsley. If the three angles (Fig. 8, i, t, and n) are added, they give the
angle of the medial trabeculae with the vertical (Fig. 8,r). The angle of the trabeculae,
so determined, lies approximate^ between 166 and 172 degrees. This value agrees
with the direct observation (169 degrees ± 0.9 degree) on the small sample of nine
individuals.

Attention is now invited to the close agreement between the angle of the reacting
force, calculated from the vector diagrams, and the angle of the medial trabeculae of the
femoral neck. Only one conclusion is possible, and that is that the resultant force, due to
body weight and the pull of the abductor muscles and fascia, is transmitted to the femoral
head at an angle, and that the plane of the reacting force or equilibrant in the femoral
neck coincides ivith that of the medial trabeculae.

DISCUSSION AND CONCLUSIONS

The study of the forces acting in and around the hip joint explains numerous, ap-
parently unrelated, clinical observations.

The reacting force in the head of the femur resists not merely the pressure of the
superincumbent body Aveight, but, in addition, the force of the abductor muscles and the
tension on the iliotibial tract which is necessaiy to hold the pelvis in equilibrium. This
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and approximately one-sixteenth to one-eighth of an inch in width), for placement over

the area to be fused. Relatives have been used as donors. As yet, it has not seemed feasible

to have paid donors; and this should not be necessary, if extra bone is obtained whenever

the opportunity presents itself. When special donors are necessary, a general anaesthetic

is given before the bone is removed.

All suitable bone is collected and placed in the deep freezer for future use. The iJiam

is the best and largest source of cancellous bone; the tibia is best for cortical bone. As may
be inferred from the data in Table II, all available bone has been stored.

Autogenous bone may likewise be stored for secondary operations. This procedure has

been used on several occasions.

Homogenous bone may be obtained in larger quantities in the future from cases in

which trauma has been the cause of death. The bone should be collected and stored imme-

diately after death, and the necessary precautions regarding sterility should be observed.

CLINICAL BESULTS

The excellent results obtained in all but four cases lend testimony to the success of

homogenous bone grafts. The use of additional bone, after the Hibbs type of spine fusion ’

has been performed, not only diminishes the po.ssibility'' of pseudarthrosis, but makes

a stronger fused mass to maintain the correction. The operating time is lessened,

and secondary incisions or operations for extra bone are eliminated. Examples of the

clinical results, as demonstrated by roentgenograms, are shown in Figures 2-A, 2-B, 4-A,

4-B, and 4-C. In patients in whom extra donor bone has been added, there has been no
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The so-enlled “anlalgie ” gait of the individual wlio has a painful disease of the hip

join! is of interest. On the surface, it ajipcars rather peculiar that a patient with a painful

hip will walk by throwing himself over the painful joint, giving rise to a gait which may
he eomiiarcd with that of a glutaeus medius weakness. By so doing, however, the in-

dividual shifts his center of gravity over the hip, thus decreasing the required pull of the

abductor muscles. This, in turn, decreases the pressure upon the femoral head from a

force of 2.4 to 2.6 times the body weight to simply the superincumbent body weight.

This cxpcdicncj’- of gait, while decreasing the total load on the femoral head, results in a

change in the direction of the reacting force in the femur. Instead of the body weight being

borne at an angle which thrusts the head into the acetabulum, the load is carried vertically

upon the femur. This alteration in direction of the forces causes changes in the femoral

head, which are depicted in the roentgenograms. In malum coxae senilis, the bone changes

affect predominantlj’- the superior aspect of the femoral head, because the forces are con-

centrated there. In epiphysiolj^sis the assumption of an antalgic gait, while leading to a

decrease in the total load on the femur, causes that load to be borne vertically, with the

result that a sheer is applied to the epiph5'-seal plate, which normally is not present. This

sheer will facilitate further slipping.

The importance of the abductor muscles and the iliotibial tract in altering the direc-

tion of the reacting forces in the femoral neck should be emphasized. Any surgical ap-

proach to the hip joint which injures these structures and weakens the forces exerted by
them will not onlj'’ modif}'' the magnitude, but also the direction, of the reacting force

through the femoral neck.

Note: The writer wislies to express his appreciation to John B. deC. M. Saunders, M.B., Professor of
Anatomy, who willingly provided the facilities of his dcpai tmont; and to LcRoy C. Abbott, M.D., Professor
of Orthopaedic Surgery, for his interest and encouragement.
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ho oinillod. Tliorc is not sufficient evidence (.o show if i.his type of grafting is as uniformly

relialde as autogenous grafting, nor do we know what relations such factors as the blood

groups of the individuals concerned bear to the prospects of success.”

Ghorniley has made a somewhat similar statement.

Locb stated t.hat tke “evidence available at present makes very improbable a direct

relationship between t,he four ]n'imary blood groups and the individuality differentials of

host and donoi”’. Correspondingly, thei'c is little reason to suppose that “the particular

genes determining the four l^lood groups determine also the fate of homoiogenous trans-

plants ...” Thus the foitr blood groups cannot be identified with the individuality

differentials.

In order that homotransplants of bone may be available for use, methods of storing

and preservation must be considered.

Kej’- has recently reported successful results in the use of dela3’-ed bone grafts. Inclan

stored bone in citrated blood at -f-5 degrees centigrade. Matthews reported the successful

use of autogenous skin grafts ^Yhicll had been stored for twenty-one days in a household

refrigerator at from -}-3 degrees to -|-6 degrees centigrade. Waterman showed that chick

embryos were preserved best at -f-5 degrees centigrade. After refrigeration for twenty-two

da3>’s, epidermis, cartilage, bone, and some skeletal muscle grew, while all other tissues

died. Carrel, in 1912, reported storing tissues from an infant at -f 3 degrees centigrade;

skin grew after forty-two daj^s. Carrel quoted several French investigators, including

Tuffier and Magitot, who preserved tissues such as bone, cartilage, and peritoneum up to

two months bj"- refrigeration, and transplanted them with good results.

Strumia and Hodge have frozen skin in plasma at from —20 degrees to —25 degrees

centigrade for one to six daj'^s, with unusual success. Webster stored skin in a frozen state

with good results. All grafts refrigerated for more than three weeks melted awa3^ Keith
froze bone chips in liquid air for ten minutes. Subsequent roentgenograms showed only a

fair growth of bone, and microscopic examination of the tissue showed only a small amount
of new-bone formation. Keith stated that this finding was a surprise.

Turner showed that the treponemata of jmws and syphilis retain their motility and
virulence in rabbits after exposure to a temperature of —78 degrees centigrade for four

months. Thus, until otherwise shown, all bone donors should have negative Kline or Kahn
reactions.

Brooks and Hudson, and Keith showed that age was important, in that grafting of
bone in jmung animals was 100 per cent, successful, while in old animals 40 per cent, of
failures were recorded.

Loeb’s extensive experiments in manj'- species indicate that grafts of the vai'ious

tissues are successful in the following order: autogenous, syngenesioplastic, and homogen-
ous. Carrel and Strumia have shoum that tissues, stored or washed in saline or Ringer’s
solution, are less successful when transplanted. Apparently some important substance is

washed from the tissues which is necessary for growth.

Some of the pertinent facts, based on experimentation or on clinical experience in rela-

tion to bone grafts, are as follows:

1. Regeneration in bone-grafting takes place only when the grafts are in contact with
living bone. This occurs chiefly b}’- metaplasia of connective-tissue cells. This process has
been demonstrated in autogenous and homogenous bone grafts, as well as in simple
fractures.

2. Age is important in that grafts have proved to be more successful in the 3mung than
in the aged.

3. Suljonamides inhibit bone calcification, as the experiments of Benesch, Chance
and Gl3mn have shown.

4. Cortical hone is best for stability, while cancellous bone is preferred for osteo-
genesis.
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Fig. 1

Diagram of operative procedure for insertion of fibular graft.

A: Subperiosteal exposure of fragments of radius.

B: “Squaring” of bone ends, with removal of sclerotic bone.

C: Preparation of fragments to receive the graft.
, ,, ,,

D: Fibular graft, cut to fit the radial defect. Tlic two small fragments ®^^0ie grn.ft aie '

E: The shaded area represents the fibular graft fixed to the radial fragments with \ itallii

there is any question as to whether or not simple excision of a scar will give an a ®

soft-tissue covering. It is advisable to wait at least six or eight weeks aftei comp

healing of a pedicle graft before an operation is performed beneath it. Caie must a so

taken not to undermine more than 50 per cent, of the width of the pedicle gia t, eca

of the danger of impairing circulation to the edge of the flap.

Seque.strectomj'-, curettage of sinuses, and removal of foreign bodies are P®*

as required to produce complete healing. As soon as all drainage has cease an

of the wound is complete, time is the greatest ally in producing a steiile e
,.g jf

sertion of the bone graft. At present, the authors require a minimum of twe ve v

there has been no difficulty in healing. If active bone infection has been piesen^,

period—up to six months—-may be considered necessary. Penicillin is given in

20,000 units every three hours for twenty-four hours before operation.

OPERATIVE REPAIR

The fibular graft is obtained from a normal leg, preferably that
work- The

the fractured arm, to give the second surgical team more room in

^ dissection

fibular shaft is exposed subperiosteally through a lateral longitu ina i

’j.oneal
ant*

being carried down along the posterior intermuscular septum e
fibula is

soleus muscles. Care is taken not to injure these muscles. •A measuie
calculatefl

then removed with a Gigli saw or osteotome. The length of
“/proxinially.

before opemtion by adding three inches to the length of the radml delect.

and joint Sbi
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Ri'dular Refrigeration (+2 dcsrocs to +5 degrees centigrade): Bone may be stored

al this lemperalnrc for periods np to three weeks. The bone is stored under sterile condi-

tions in a glass, screw-top container, which is placed within a similar, larger bottle. An addi-

tional precaution to maintain sterility is to place a piece of sterile rubber sheeting (5 by 5

inches) over tbe top of the bottle; on this is placed a piece of gauze (4 by 5 inches), both of

which arc fastened securely in place by a strong rubber band (Figs. l-A and 1-B). Such

containers prevent contamination at the time of removal of the bone, evaporation, and

sudden changes of temperature. T his method of storage has been used by the authoi in

thirtv-seven instances.

Deep Freezing (-25 degrees centigrade): Experiments on rabbits, performed by

C. Zent Garber, M.D., and the author, prove the safety of this method for the preservation

and storage of rabbit bone for an indefinite period of time. The results of these experi-

ments will be reported in another paper. The bone is stored in the type of containers just

described. This method has been used in thirty instances in the human.

With both types of refrigeration, the bone is warmed to room temperature before

being used. Bone which has been preserved under these conditions has the appearance of

fresh bone.

Special precautions must be taken in establishing a bone bank. The bone obtained for

this purpose must be free from infection or disease. A card index is kept, in which the fol-

lowing data are recorded for each specimen of bone: the donor’s name and hospital number;

the source of the bone; the Kline or Kahn reaction; a history of recent jaundice, malaria,

or infections; the date of storage; and the weight of the bone. When the bone has been

used, the date of use and the name of the recipient are recorded, and the card is filed.

Homogenous bone grafts have been used in sixty-seven operations (Table I), per-

formed on fifty patients, uith bone from seventy-three donors (Table II). Syngenesious

grafts were used in nine children in operations for congenital pseudarthrosis, osteogenesis

imperfecta, and large bone cysts. The excellent results obtained in this entire series of

patients, as well as the minimum complications experienced, have been very encouraging.

It has been possible to study the areas of fusion in which homogenous bone has been

added in such cases as scoliosis, where multistage operations are performed. Large, solid

fused masses with abundant new-bone formation have been found. An exploration, per-

formed on a patient who had had three operations in which bone from three different

donors was used, showed a wide, thick, continuous fusion throughout the area in which

the operations had been perforrned (Figs. 2-A and 2-B). These findings .have likewise been

evident in the roentgenograms in this series of .cases.

Biops}" specimens were removed from twelve of these areas of fusion, in which homog-

TABLE I _

Types op Operations in which Homogenous Bone Grafts Have Been Used

Operation . Number

Fusion of the spine for:

Scoliosis ; . . 33

Tuberculosis 2

Lumbosacral defects 8

Fusion of the ankle -3

Fusion of the wrist 2

Fusion of the hip joint 2

Onlay bone grafts • ; 12

Grafting the cavities in osteitis fibrosis cystica ; '.
. . . 5

Total 67
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TABLE I

Clinical Findings

Time of Time of
Operative Procedures

Case

No.

Length

of Defect

(/nc/ics)

Length

of Graft

{Inches)

^

Immobili-

zation

in Cast

(TI’cc/i's)

Immobili-

zation

in Brace

(IFce/js)

Skin

Graft

Resection

of Distal

Portion

of Ulna

Results

1 2 5 14
1

10 Yc.s Yes Union; good rotation

2 11 4 16 0 Yes ' No Union; poor rotation

3 1 4 16 14 No No

1

Infection; graft seques-

trated; eventual bony

union by involucrum.

Rotation very much re-

stricted

4 1 = 5 10 0 No Yes Union; good rotation

5 1 4 16 0 Yes Yes Union; good rotation

6
1

2 5 18 S 0 Ko AY'S Union; good rotation

7 1 = 4.1 IS 0 No A'es Union; good rotation

8 11 4 20 0 No No Union; poor rotation

9 oj S'. 20 20 Yes A'es Union; poor rotation

10 u 5 18 6' No A'es Union; good rotation

11 2 4', ! 20 > 0 Yes A'es Union; good rotation

12 It 4 IS 0 No A'cs Union; good rotation

13 3 14 1 12 No No Union; good rotation

14 2 0 1 16 No No Failure; infection devel-

oped after 8 iveeks.

Graft was absorbed

15 11 4i
•

IG 8 Yes - A’es Union; good rotation

16 '•
1.1 5 12

i

Yes A'es Partial union; still in brace

screws in each fragment; but occasionally a single screw and a loop of tantalum wire have

been emplo3’'ed to ob\date weakening the graft by a second screw hole. In some instances,

the distal fragment is so osteoporotic that screws will not hold; and in these cases tvo

double strands of No. 22 tantalum wire have been used. The wound is then closed in lajeis,

and a long plaster cast is applied, with the elbow at a right angle and the forearm in neutia

position.

POSTOPERATIVE CARE

The cast should be heavily padded to allow for postoperative swelling. In

suspension straps are incoi’porated in the cast to keep the arm elevated for a peiio o

least forty-eight hours after the operation. The patient is then told that he may

arm ndienever he wishes. As a rule, the patient finds that the arm is more comfoita i

it is elevated, and he seldom lowers it before the third or fourth da}'^ aftei Ae

The patients are allowed to be ambulatoiy as soon as the leg worm las

which usually is on the tenth day. Frequently an elastic bandage is employe ®
^

^
swelling in the leg. No definite instructions are given about walking,

goni-

assurance; and the patients are permitted to be up and around as soon as rej

fortabl}^ able to do so. At first they are somewhat hesitant to walk on t re

may use a crutch or cane. AVithin a period of two or three weeks,
I

the

without support, but they may still limp slightly. Within a monti a ei i

graft, nearlj'’ all complaints referable to the donor site have disappeaie ,

are ambulatoiy without limp.
ukoct''
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Fig. 3-A Fig. 3-B

Microscopic studies of bone removed from areas of spine fusion in which homogenous bone was used.

Fig. 3-A; Bone from the ilium was stored for fifteen days at +2 degrees centigrade
;
the specimen \yas

lemoved twenty-one days after transplantation. Shows necrosis and erosion of bone spicule with

marginal new-bone formation on one side.

Fig. 3-B : Bone from ilium, stored five days at -|-2 degrees centigrade, was removed from fused area

after twenty-three days. Small chips of necrotic bone are present, with considerable new osteoid tissue

and some new-bone formation in fibrous stroma.

Fig. 3-C Fig. 3-D
Fig. 3-C: Bone from ilium used by direct transplantation. Specimen, removed for study forty-three

days later, shows necrosis and erosion of bone chips with formation of some new marginal bone.
Fig. 3-D; Bone from ilium used bj' direct transplantation. Specimen, removed for stud}' 100 da}'S

later, shows extensive new-bone formation by “creeping substitution”, replacing necrotic bone.
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lisoudarthrosis to date. A comparative stud.y will be made of this series of cases with a

previous series in which no extra bone was added.

COMPLICATIONS

Four complications which were experienced could have been expected had autogenous

bone been used under similar circumstances. Homogenous grafts were used in two instances

in the presence of infective arthritis; sequestration and draining sinuses resulted, which

eventually healed. On the basis of our present knowledge as to the fate of homografts, as

shown in the microscopic studies, this is to be expected. In the third patient, removal of

bone fragments was required on two occasions, because of inability to maintain soft-tissue

closure over the grafts. Microscopic study of the bone fragments removed from this patient

showed the deeper areas to have definite metaplasia, with new-bone formation surrounding

the dead graft. This was a syngenesious cortical graft, which was used in the repair of an

ununited fracture in the presence of osteogenesis imperfecta. The ununited fracture healed,

despite this complication. The fourth complication was in a patient with congenital pseud-

arthrosis of the tibia, which was grafted with cortical grafts from the mother. Union was

accomplished, but subsequent!}'- a fracture occurred through the grafts with the develop-

ment of a large callus over each graft, indicating the ability of the bone to regenerate.

SUMMARY

1. Homogenous bone may be used as a transplant under the same conditions as, or

in conjunction Avith, autogenous bone.

2. The blood type has been shown to have no influence on the successful use of

homogenous grafts of bone, nor does the Rh factor influence transplantation results.

3. Bone may be stored safely in sealed containers at from d-2 degrees to -f-5 degrees

centigrade, for periods up to three weeks. Bone may be preserved in sealed containers in

the deep freezer at approximately —25 degrees centigrade for an indefinite period.

4. Microscopic studies of bone, removed from fused areas in which homogenous bone
had been used, showed the grafts to be dead, but surrounded by connective tissue under-

going metaplasia and new-bone formation.

5. The success of homografts of bone has been shoAvn by clinical results, by direct

inspection of the fused area, and by roentgenographic examination.

6. Homografts of bone, aA'ailable in a bone bank, will eliminate a second operation

upon a normal ilium or tibia, with its possible complications
;
and Avill shorten the time of

operation and of hospitalization.

7. Homogenous bone grafts were used in sixty-seven operations, with but four com-
plications.

Note; The author wishes to express his appreeiation to Alan DeForest Smith, M.D., for his cooperation
in this work; to C. Zent Garber, M.D., whose excellent counsel and advice have been most valuable; and to
William H. Von Lackum, M.D., whose forethought, enthusiasm, and inspiration caused this work to be
undertaken.
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THE REPAIH OF DEFECTS OF THE RADIUS WITH FIBULAR BONE GRAFTS

BY CAPTAIN EICIIAUD C. MILLER AND LIEUTENANT COLONEL GEORGE S. PHALEN

Medical Corps, Army of the United Stales

Compound fractures of the radius, with'loss of bone substance and resultant non-

union, are not frequentlj'^ encountered in civil life. Among the thousands of casualties

treated on the Orthopaedic Service of a largo Army General Hospital, however, such

fractures are seen quite frequently. Over a period of eighteen months, the authors treated

sixteen of these cases 'with fibular bone grafts.

The tjqie of fracture under consideration usually results from a perforating wound

of the forearm by a high-velocity missile. A portion of the radial shaft is more or less com-

pletely destroyed, so that no satisfactory bridge of bone remains between the major

fragments to permit healing of the fracture. This report is concerned primarily with those

cases in which the radial shaft was irreparably damaged, and in which the ulna either was

spared entirely or sustained a fracture which had healed. Obviously, many of these cases

also have associated nerve damage, as well as massive loss of muscle and skin.

Characteristic of the deformity is the prominence of the distal end of the ulna and the

marked radial deviation of the hand (Fig. 2-A), resulting from shortening of the radius.

Loss of active pronation and supination of the hand occurs when the defect in the radial

shaft is distal to the insertion of the pronator teres. In these cases, the proximal fragment

of the radius may be felt to pronate and supinate in a satisfactory manner; but the hand

will not rotate, because of the loss of bony continuity of the radius. The strong rotators

(biceps brachii, supinator, and pronator teres) no longer can act on the distal fragment of

the radius, and the weak rotators (brachioradialis and pronator quadratus) have either

been damaged by the original injury or are not strong enough to perform any appreciable

rotation of the wrist and hand. In addition to abnormalities due to loss of bone, there

frequently is loss of extension power in the fingei’s and thumb. In some of the cases, this is

due to a severance of the deep branch of the radial nerve; in other cases, it may be due to

actual avulsion of muscle substance.

There are both advantages and disadvantages in the use of fibular grafts. The
fibular graft has the advantage of providing considerable stability to the grafted bone.

Furthermore, the fibula is approximately the same size as the radius; so that ultimately,

when healing is complete, the normal contour and probably the normal strength of the

radius have been restored. Finally, the use of a fibular graft will avoid the infrequent, but
ever imminent, complication of fracture through a tibial donor site. The primary dis-

advantage of the fibular graft is its relatively greater degree of dense cortical bone, as

compared to tibial or iliac grafts. The osteogenic properties of the fibular graft are, there-

fore, not so great as those of a tibial or iliac graft. To obviate this disadvantage, it has been
suggested that the drilling of multiple small holes throughout the graft might increase the

vascularity and the rapidity of “take”. This procedure has not been employed in any of

the cases presented.

PREOPERATIVE CARE

Prior to operation, every effort must be made to eliminate all scar tissue that might
break down. If the scar is narrow and the skin edges maj^^ be approximated without tension,
the bone-grafting maj’’ be done at the time the scar is excised. The authors feel, however,
that it is a much better plan to excise the scar first, and insert the bone graft at a second
opeiation. A tubed pedicle graft or an abdominal-flap graft must be employed whenever
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much of I ho hhulu as dosircd may bo romovod; this may, if necessary, include the head of

llio hone. It is, of course, necessary to si)are the peroneal nerve as it rounds the neck of the

fibula. Disf ally, at least, three inches of the fibula must remain to maintain the stability

of the ankle mortise.

By obtaining the graft in this manner, there have been few spontaneous complaints and

no objective evidence of disability in the leg. In the majority of instances, only on close

questioning did patients state that the leg did not possess quite the stamina that it had

had l)efore operation.

The distal end of the ulna is first excised subperiosteally through a longitudinal

incision, one and one-half inches long. In a few instances, a .slip of palmaris longus tendon

was removed at the same time
;
this was used to encircle the ulna and anchor it down to the

flexor carpi ulnaris. This procedure prevents the tendency for dislocation of the ulna when

the arm is rotated; but, in the authors’ experience, there has not been a great deal of differ-

ence symptomatically or functionally between those cases in which the ulna has been

anchored to the flexor carpi ulnaris and those in which it has been left free.

The reasons for resection of the distal portion of the ulna at the time of operation

justify a word of explanation. In the first patient upon whom this operation was performed,

it became obvious that such resection was necessary. It was found, after exposure of the

radius, that the marked deviation of the distal fragm^ent of the radius could not be cor-

rected, even though the fragment had been completely exposed subperiosteally. After

removal of the distal end of the ulna, the distal fragment of the radius was freely movable

and could be readily aligned with the proximal fragment. Subsequent to this, in most cases

the operation has been begun by resection of the ulna. This facilitates the operation and

also eliminates a later operation, which would probably be necessary, to restore rotation

to the forearm and correct the radial deviation of the hand.

Next, an adequate longitudinal incision is made over the fractured area of the radius.

The exact site of the incision is determined by the location of the fracture and by the

previous scarring. As a general rule, it has been found best to employ a dorsolateral in-

cision. The superficial branch of the radial nerve is identified and protected throughout the

operation. Dissection is carried down through muscle planes, usually between the extensor

carpi radialis longus and the brachioradialis; and the radial fragments are exposed sub-

periosteally for a distance of at least one and one-half inches. Scar tissue and devitalized

bone fragments are removed from the site of non-union. The ends of both radial fragments

are sawed back at right angles to the shaft, until the sclerotic portion has been removed
and good vascular bone is apparent (Fig. 1,.S). This usually requires a resection of approxi-

mately one-quarter to one-half inch from each fragment.

Half the thickness of the fibular graft is then sawed from each end of the graft, leaving

a central portion, which is the full thickness of the fibular shaft and measures exactly the

same length as the bone defect to be bridged (Fig.-1,D). Care must be taken not to extend
the saw cuts more than half way across the fibular shaft, in order to prevent the possibility

of fracture of the graft in this area.

The radial fragments are aligned, and the decision is made as to whether the graft

should be applied to the lateral or posterior surface. The corresponding surfaces of the
radial fragments are then leveled down with an osteotome, so that exact contact may be
obtained between the graft and each fragment (Fig. 1,(7). If the length of the radial defect

was measured while traction was being applied to the hand, the fibular graft may be mor-
tised in snugly between the radial fragments. When the traction has been released, the end
of each radial fragment will come up tightly against half of the fibular shaft, and the
half-thickness ends of the fibular graft will lie as onlay grafts of approximately one and
one-half inches, in close contact with the freshened area on each radial fragment (Fig.
1,E).

The graft is held in place by metallic fixation. The authors usually use two Vitallium
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Tin; bulky arm cast, is removed, t.bc wound inspccicd, and t,hc sutures removed any

time after tlie eighteenth day after operation. By tliis time the east has become somewJiat

loose, and it must, be replaced by a snug-fitting east with only a minimum amount of

Ijadding. The hand portion of t.he east is trimmed back sufficiently to pei-mit full motion

in the lingers and thumb. These casts arc usually changed at six-week intervals, and the

progress of bone healing is checked by means of roentgenograms. A cast is usually worn

for at least four, months, and then a brace of metal and leathci- may be applied to

give furt.her support, for another two or three months. The graft must be protected

against fracture until roentgenograms show that it has been well incorporated into the

be instituted to mobilize the elbow and wrist as soon as the

has been removed permanently from the plaster cast. Forceful active or passive

Fig. 2-A Fig. 2-B

radius.

Physical therapy may
arm
rotation of the forearm is not per-

mitted, however, until roentgeno-

grams show complete healing.

COMPLICATIONS

One complication that has con-

stantly to be guarded against is that

of infection. In the present series, this

occurred in two cases; in one case the

purulent drainage had its onset twelve

weeks after the operation, and in the

other case it occurred eight weeks

after operation. In addition to the

precautions taken in regard to the

skin of the forearm and the time

interval between cessation of drainage

and insertion of the bone graft, peni-

cillin is administered for one day
before operation and both penicillin

and sulfadiazine are given for at least

six or seven days after operation, or

until the patient has remained afebrile

for at least three days and there is no

Fig. 2-A: Case 4. Preoperative condition of forearm,
sliowing radial deviation of hand and prominence of ulnar
styloid.

Fig. 2-B: Postoperative condition of forearm, showing
correction of deformity and restoration of normal contour
of forearm.

longer any undue swelling in the hand or other evidence of infection in the arm. Sulfadia-

zine may aid in controlling some of the organisms which are not especially sensitive to
penicillin; but the administration of sulfadiazine is not considered absolute!}^ essential

if penicillin can be given.
'

• • • •

Another complication to be considered is fracture of the bone graft. Although' this

did not occur in this series of cases of fracture of the radius, two instances of fracture were
seen in which a similar t3^pe of graft was employed on a defect of the ulna. In both of these

cases, the trauma was minimum. In one case, the arm was still immobilized in a plaster

cast; in the other case, all immobilization had been removed two months before the
patient’s transfer to our care. Both of the.se fractures occurred at the junction of the graft

and the ulnar fragment. This indicates that verj'- accurate contact between the graft and
the fracture fragments should be obtained, so that healing will' occur, not only between
the onlaj^ portion of the graft and the fragments, but also between the fragments and the
portion of the graft that is mortised in between the ends of the bone.

Fibular grafts are ]-)robabl3' revascularized more slow^^ than similar grafts removed
from the tibia or ilium. To avoid the possibilit3>- of fracture of the graft, immobilization in
plaster casts should be maintained for at least fourteen to eighteen weeks, followed b3'
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In order to obtain a perfectly satisfactory fixation in this form of osteosynthesis the
following rules should be observed carefully:

^

1. The nail should have a sharply oblique position in the neck.
2. The nail should be inserted without splintering the bone around the wire guide at

the place where it is driven in.

3. The transverse channel in the head of the nail should be adjusted in such a direc-

tion that the screw will pass diametrically through the femur, with support in both the

inner and outer cortices.

4.

The length of the nail should be measured exactly. The point of the nail should

lie one centimeter below the joint surface of the head of the femur. If the nail is too short,

defective fixation of the head and neck fragments will result; if it is too long, there is the

risk that the nail may penetrate into the joint.

The majority (about 80 per cent.) of the

intertrochanteric and pertrochanteric frac-

tui’es of the femur are suited for- treatment bj'

this method. Pertrochanteric fractures ap-

proaching the subtrochanteric type, as well as

fractures with ci-acks running down into the

shaft fragment, on the other hand, are not suifi

able for such treatment (Fig. 9). The essential
j

condition for osteos^mthesis is a satisfactory

position of the fracture during manipulated re-

position on a fracture table. If, in exceptional
|

cases, a satisfactory fracture position cannot be
j

obtained, the operation should not be per-

foi’med. Cases not suited for this procedure i

have been treated with balanced traction.

Advanced age and general infirmit}’’ are

not contra-indications, provided the patient

is not in such a bad condition that other

methods of treatment are likewise contra-

indicated. Some of the patients were operate

upon under low-spinal anaesthesia. In the ma-

Fig. 9 jority, however, intravenous narcosis was pro*

T3'pe of fracture not suitable for this method duced Avith narcotal in combination AMt

of osteosynthesis.
ifitrous o.xide; this method seems preferable.

^
^

During the period from January 1945 to April 1946, thirty patients, AAdiose aoe.

aAmraged seAmnty-seven years, Avere operated upon at Sabbatsberg Hospital. The moi a t .

rate during their stay in the Hospital aa'Us 10 per cent. Taa^ of the patients AA^ho die trer^^

eighty''-fiAm years of age; the third aa^os eighty-three. Thej'- tyere very infirm an le

generalized arteriosclerosis AA'ith senile marasmus and terminal bronchopneumonia.

Dissection in tAvo of these cases shoAA’ed the fixation to be satisfactoiy. In e

case it aa^s not satisfactoiy. The reason AA-as that, AAdiile the nail was being diwen

bone had been cracked as far as the region of the fracture. The operator ha no o

the preliminary procedure described here. Redisplacement of the fragmen s a

operation occurred in one of the other cases. In this case, Avhich Avas one o le

operator had not managed to get the screAV through the femur; it skirted le r

the bone.
i, • ir, the other case,

These tAvo cases illustrate the importance of an exact technique. i

the position of the fracture had remained unchanged operation

After the operation, the patient was alloAved to he freely in bed, ^ l,e

for fracture of the neck of the femur, and at once to begin to move the ex
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Genu recurvatiim resulting from , .

duces a severely disabling detoLity It ruinl^r “Bd sometimes proability of the entire extremity that other
associated irith such an extensive dilthe ivearmg of a brace; and alleviation of the rsaWhtytMh t necessitate

al y benefit the patient. If stabilization of the he. iT aot maferi-
a brace, or if it appears likely that a mild dehrmitv vi^^dicated. cieloimity n dl progress, correction by operation

-d coX=s:^ :Sted ::zti:^;“rfthem to stretch. Paralj^sis of the ham.sti?ngs or lZ
'

knee, causing
oth, IS a contributing factor. The deformity mnZnl

^^P^^ially paralysis of
upon the back of the knee iiy a short AchLs t ZZstnngs. The repeated backward tlmlstfofte ' ? ham-
and cruciate ligaments, alloivin<^ still more h

^ knee stretch the collateral

formity of the cond3des of the tiSia
Eventualb, structural de-

poition of the articular surface furtliers the nL mchnation of the anterior
meeting it. Correction of the condition beWf ^^^and adds to the difficulty of cor-

tr-)
semi recun-atum requires So/nU^r desirable,

tnbutmg factors as possible. Operations imen +?"
i.

^ ® ™^^^bon of as many of the con-

ening or reinforcing tlie posterior li^-amenf Z ® directed toivard strength-

anteriorb^, or elevation of the antm-inr o
Juctures, the construction of a bone block

passive in function. The author l-nnu !•

surface of the tibia. These supports are

extension. to provide active resistance to hyper-

In the absence of bone deWity, tbo mrite.. has tried to oonstnmt oheob ligpmepri,

because this method appears rational

and is consen'^atiim. Tivo operations

have been devised,—one to eiiliance

the function of the collateral ligaments

in resisting h3fpei'extension, and the

other to construct a check ligament

behind the knee. Each has giimn good

results and is indicated in certain con

ditions.

If there is no bone abnormaiit.r,

h3'-perextension of the knee is pre-

vented b3B competent anterior cru-

ciate and collateral ligaments; and it

would appear to be rational that genu

recurvatum could be corrected by re-

construction of the collateral ligs-

ments in a position which irould aug-

ment their resistance to hi^perexten-

’

. This has been accomplished by

- . ... « T » _ nf

Looker al.

Fig. 1

TTed-ial.
J.VT, X

1 he fibular and tibia] collateral ]i!Tamentsarpi-.nr.=o«+..^ luenn uneir resistance to nypcic-"^—

represen7nmvfr ie fem
accomplisbed by

attachnamts shifted posteriorb^ C' and D' are thp reattaching the femoral insertions of

ments of apd .0
) respectively, n-ith the knee in rpnnrvof.T.r. reconstructed collateral ligaments at

a noint moi-e nosterior on the fenioial

auuauuincuLs snuteo posteriorj^a C' and B' nro o+T„„i leattacning tne lemorai lusei

reconrtruoted collateral Ilgam.-

of the collateial ligaments according to thi?yio™S.™SS “ P°“* ““Be posterior on the femom
lateial instability as well as genu recurvatum, cond3^1es, A description of such



OSTKOSVXTin-lSlvS OF INTKHTHOCIIANTFHIC AND
i'i?A(''rnD':R of tjiic fiomuk

PERTROCHANTERIC

HY in-co auonsson*, m.i,., Stockholm, swKnicN

I'nnn Siirriirnl Drpnrlmnit II, Snhhat!,hrr(j Ilnapitnl, ,^tncl:liolm *

In distinction from siihcnpitnl and t ransccrvical fractures, which usuallj'- are intra-

capsular, the intertroclianteric and imrtroehanteric fractures of the femur, which run extra-

rai)sularly, show a favoral)l(' healing tendency and, in tjiis respect, may be regarded as

“benign" fractures. In these fractures, with relatively few exceptions, reposition entails no
groat difficulties. The method of treatment usually adopted is wire traction through the

tuberosity of the tibia or the lower end of the femur.

The disadvantages and hazards of traction treatment are particularly evident in

these fractures, for the following reasons:

1. The ages of the patients as a rule are high, averaging over seventy years. Accord-

ing to Spotoft, they arc higher than for fractures of the neck of the femur.

2. Except in certain fractui'cs, where there is no displacement of the fragments, the

wire traction should be continued for ten, twelve, or fourteen weeks. Coxa vara may occur

at a very late stage—after the lapse of several months—even if the pati^pt had not been
allowed to put his weight on the fractured extremity. ® The lengthy immobilization is

very trying for these aged patients and, in a considerable number of cases, their condition

is such that the traction treatment either cannot be applied consistently or must be dis-

continued prematurely.

3. The amount of traction should be about one-tenth of the body weight, and careful

supervision with frequent roentgenograms is required. Healing in a coxa vara position is

by no means infrequent. The limb has a strong tendency toward outward rotation. Even
if healing in this faulty position does not affect the hip joint greatly, it is unfavorable

for the function of the knee joint.

4. Traction treatment also has local drawbacks. In many cases a traction wire which
has been retained a long time becomes a focus of infection, which, however, usually heal?

rapidly after the wire has been removed. If the wire has been applied supracondylarly

through the femur, however, the infection frequently leads to cicatrization in the quadri-

ceps and the formation of adhesions around and in the suprapatellar recess, with perma-
nent restriction of the mobility of the joint. If the wire slips, the risk of pyarthrosis in the

knee joint is imminent. Even if the wire is placed below the knee joint, through the tuber-

osity ,of the tibia, traction treatment for some length of time may entail protracted symp-
toms in T,he knee joint. For these fractures, the patient usually must stay in the hospital

about four or five months. For certain fractures without displacement, the hospital stay is

somewhat shorter; but for various fractures with a marke'dly faulty position, as well as in

cases where complications supervene, it is considerably longer.

The intertrochanteric and pertrochanteric fractures of the femur produce a highei

mortality rate than do fractures of the neck. Key stated that, at St. Louis City Hospital

the mortality rate in a series of 214 fractures in the trochanteric region was 38 per cent.,

whereas the mortality for 166 intracapsular fractures of the neck at the same Hospital was
25.9 per cent. Both groups were treated in the same way. Siler and Caldwell found a

mortality rate of 30.1 per cent, in 103 cases. In Speed’s 118 cases, the mortality was 18.6

per cent. Wadstein, in tliirty-one cases, had a mortality rate of 32 per cent. The author
can unreservedly endorse Lippmann’s statement that “the death rate is considera'-

higher than the severity of the original injurA’- would indicate ...”
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operation was published by the author in 1924, and this is believed to have been the first

operation designed to correct genu recurvatum by the construction of ligamentous or fas-

cial resistance to hyperextension. In brief, this consisted of a modification of the Edwards
operation for reconstruction of the collateral ligaments in which the biceps tendon or a
portion of it, is implanted into the posterior aspect of the lateral condyle of the femur
and is reinforced by turning down a strip of fascia lata to form an insertion into the head
of the fibula. The tendons of the semitendinosus and gracilis are implanted into the pos-

terior aspect of the medial condyle of the femur to reinforce the tibial collateral ligament.

These structures on both sides of the knee, extending from below upward and backward,

check not only lateral mobility, but also a backward thrust of the femur on the tibia. The
basic principle of the operation is shown in Figure 1, and the important operative steps are

outlined in Figures 2, 3, 4, and 5. Other methods to construct check ligaments have been

described by Colonna in 1930, Gill in 1931, and Carrell in 1937.

Construction of an anterior bone block was described by Campbell in 1918. Mayer

adopted this in principle, but modified the technique. Brett, in 1935, reported good re-

sults by elevating the tibial plateau anteriorly in cases in which bone deformity was

the cause of genu recurvatum
;
Campbell accomplished this by a subcondylar osteotomy,

and maintained elevation by inserting cancellous bone into the gap. Irwin, in 1942, de-

scribed a method of subcondjdar osteotomj'' of the tibia whereby the tibial plateau was

lowered posteriorl3^ Sutherland and Rowe modified Brett’s operation bj'' inserting a metal

wedge anteriorly, only 0.5 centimeter distal to the-anterior articular surface of the tibia.

They stated that Brett’s operation could be done prior to closure of the epiph}^sis, although

Brett, in a second paper, specified lateral stability and' adult bone growth as prerequisites.

Other methods of treatment have been arthrodesis of the knee and supracondylar oste-

otomy of the femur. Arthrodesis results in the disability of a stiff knee, and is contra-

indicated in bilateral cases. Osteotomy of the femur does not appear to be rational.

It is not intended in this paper to pass judgment upon the efficacy of a bone block at

the knee. It would seem from a purely speculative consideration, however, that an anterior

I bone block would have no effect upon the lateral instability which so frequently accom-

panies genu recurvatum. Mayer had this experience, and found it necessaiy to construct

additional blocks of bone at the sides of the knee in an attempt to correct lateral instability,

which persisted after the construction of an anterior bone block. There is also the pos-

sibility of a subsequent traumatic arthritis, since a bone block cannot conform so ac-

curately to the articular surface of the femur as does the olecranon surface to the humerus.

An osteoplastic method of restoring the normal plane of inclination of the tibial plateau is

indicated when bone deformity is a major factor in genu recurvatum. Brett’s operation is

limited by his prerequisites of lateral stability and adult bone growth, and it would appeal

that subcondylar osteotomy of the tibia would not correct lateral instability.

Reconstruction of the collateral ligaments by implanting the attachment at a

more posterior on the femoral condyles has been done in a small number of cases. 1 le) a

not numerous, because at least fair strength in the quadriceps is necessary to lock

and there must be sufficient strength in other muscles of the extremity and su cie

stability at the hip and foot to enable the patient to walk without a brace. Goo s a ^i

has been maintained in five of seven operations performed according to this met ro
,

^

recurrence of deformity to not more than a mild degree, not necessitating the

brace. The first patient operated upon and reportedrin 1924, with a bilateia ®

was lost from observation two years after operation, but reappeared
^ Coast,

years later while passing through Cleveland on a “hitchhike” trip from t e

During this trip, he had frequently walked ten miles a day. There was
j
^^ge,

of both knees, and only slight hyperextension. In another patient, also a

and in a third, a unilateral case, no recurrence of disabling genu recurva u

have occurred ten years after the operations. Failures occurred m two cases,
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Fig 2-B Fig. 3-B

After osteosynthesis. After osteosynthesis.

In order to avoid the disadvantages of traction treatment and to enable the injured

patients to move more freely, osteos5mthesis of these fractures has been recommended by
St^en Johansson, Brittain, Moore, Spotoft, Watson-Jones, and others. In Sweden, the

pioceduies most commonl}’’ adopted for osteos3mthesis of fractures of the neck of the

femur are Sven Johansson’s method with Smith-Petersen’s three-flanged nail and N3'^-

stiom’s method with multiple nails. Each of these procedures, however, is suitable onl3’- in

exceptional cases of these fractures.

At the Sabbatsberg Hospital, Smitb-Peteisen’s tbiee-ftaTigeil naii vitb a transverse
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femur, and is continued downward over the medial aspect of- the tibia. The periosteum

covering the medial condyles of the femur and tibia is incised immediately posterior to the

tibial collateral ligament, and the posterior surfaces of the lower end of the femur and up-

per end of the tibia are exposed subperiosteally. The origin of the inner head of the gas-

trocnemius is detached from the bone with this dissection. Obliquely directed drill holes

are then made through the lower end of the femur, proximal to the epiphyseal plate, and

through the upper end of the tibia, distal to the epiphj'-seal plate, in such a direction that

their exits are at the posterior aspects of these bones. While the knee is supported in

flexion of 30 degrees, the excised tendon is passed through the drill holes, and the protrud-

ing ends are sutured to the anterioi- margin of the periosteal sheath. Tension should be suf-

ficient to make the tendon taut and to resist extension of the knee beyond an angle of

150 degi’ees. This direct implantation of a tendon or fascial strip through a hole is more

reliable for security than is a superficial cortical or peidosteal attachment, and solves the

difficulty formerly experienced when dealing with osteoporotic bone. During closure of

the wound and application of the plaster bandage, the knee is supported at an angle of

150 degrees. It is expected that there will be some give afterward, allowing complete ex-

tension.

In the presence of a weak or paralyzed quadriceps, it is imperati'\’’e that complete

e.xtension of the knee be possible. In fact, a slight back-knee is desired in this situation to

pro^dde stability. Accordingly'’
,
tlu'ee weeks after operation the cast is bivalved, and the

flexed knee is extended gently by the surgeon. This is not delegated to a physiotherapist,

for the surgeon alone can estimate the tautness of the posterior structures and can be

guided accordingly in the future stretching needed to obtain complete extension. The

knee is then replaced in the bivalved cast in the oi’iginally flexed position. Experience has

shown that six weeks’ protection in the cast is sufficient. The patient is then allowed liberty

of movement without weight-bearing. If progress toward obtaining complete extension is

I

slow, gentle stretching by the physiotherapist is instituted until almost complete extension

is possible. A convalescent walking brace, limiting extension just short of 180 degi'ees, is

worn for three months.

Since the check ligament passes across the joint to insertions beyond the epiphy'sea

plates, a pertinent question arises as to the likelihood of an unyielding fascial or tendinous

structure causing flexion deformity of the knee with growth. This has not been obsene^

Perhaps growth may act favorably by maintaining tautness of the check ligament, v ic

would compensate for any^ possible stretching. Late roentgenograms of the knee a ei

operation have shown no appreciable disturbance of growth. One cannot say with ceitam y

the lower age limit at which a check ligament may be implanted across the epiphysea^ me

at the knee, but caution would dissuade one from doing it on a patient imdei the a^e

twelve.

Tenodesis, as described, has been performed upon three patients, aged ten

thirteen years, and fourteen years, respectively. The first operation was done in

This patient had a severe forward subluxation of the tibia in addition to genu

The knee had remained in good stability when the patient was last seen, thiee y

operation. The other two patients were operated upon in 1933 and 1940, an

onstrated before the Clinical Orthopaedic Society in Cleveland in 1941. Neit

wearing a brace; there has been no recurrence of deformity; and there is no

tracture.

SELECTION OF CASES SUITABLE FOR OPERATION

Stabilization of the knee to correct paralytic genu recurvatum
pport the

rection of the disability would enable the patient to walk without a brace
• j-ggsing de-

knee; and perhaps it should be done in the mild case, in ordei to pre\ en
quadriceps

formity with ultimate malformation of the tibial condyles. The streng





THE USE OF ABSORBABLE SUBSTANCES TO OBLITERATE BONE
CAVITIES AND AS HEMOSTATIC AGENTS IN OPERATIVE

PROCEDURES ON BONES AND JOINTS *

BY JOSEPH BUCHMAN, M.D., AND JOHN E. BLAIR, PH.D., NEW YORK, N. Y.

THE USE OF ABSORBABLE SUBSTANCES TO OBLITERATE BONE CAVITIES

In the course of a project on the use of penicillin in the therapy of chronic osteomjT-

litis, the authors have resorted to the primary closure of wounds resulting from the surgical

procedures. The details of the technique and the results obtained have been reported

elsewhere and, therefore, need to be described only briefly in this report.

The technique consists of the intf&muscalar administration of penicillin at three-hour

intervals for approximately twenty-four hours prior to a thorough saucerization of the

osteom3mlitic focus (under tourniquet control, whenever feasible), and the removal of all

diseased and scarred overljung soft tissues. After the proper toilet of the wound mth saline

solution, the cavity is flooded with normal saline containing 250 units of penicillin per

cubic centimeter of fluid. The wound is then firmly closed in several layers without

drainage. Adjacent sinus tracts are excised, whenever possible, and closed without drain-

age. If such a procedure is not feasible, the tracts are curetted and their openings are

sealed with several sutures. Gauze soaked in penicillin-saline solution is used as a dressing,

and the parts are immobilized in a huge compression bandage of sheet wadding, flannel

bandage, and adhesive tape. The intramuscular administration of penicillin, started on the

daj'’ before the operative procedure, is continued uninterruptedly for a period of ten to

fourteen days after operation, depending upon the patient’s range of temperature and

upon the character of healing of the wound. The dosage of penicillin varies Mth the

sensitivity of the micro-organism to the antibiotic. In those instances in ivhich the organ-

isms are sensitive to 0.2 unit or less of penicillin per cubic centimeter, 20,000 units per

dose are ordinarily given. When the micro-organisms are resistant to 0.3 unit or more,

30,000 or 40,000 units per dose are given. The concentration of the penicillin used locally

has, in all- instances, been 250 units per cubic centimeter of normal saline solution. The

compression bandage and dressing are usuallj'- not disturbed until the tenth day after

operation, at which time the wound is usually’- found to be either completely or very nearly

healed by first intention. The sutures are removed at this time.

The treatment of chronic osteomyelitis by saucerization and primary closure of the

wound under antibiotic influences has brought ndth it the problem of control of the

hematoma which develops in the resultant bone cavity. The use of intramuscular injec-

tions of penicillin before and after the operative procedure and of local applications

penicillin before closure of the operative wound, without drainage, has been foun

control infection, if the procedure has been sufficiently thorough, until the hematoma

becomes adequately organized to resist infection. It has further been noted that, i

hematoma is too large to be organized rapidly, a sinus results. This reestablishes
^

cavity and exposes the operative site to reinfection from without, mth resultant e aj

failure of healing.

Procedure
'

In an attempt to fill the bone cavity and to control the continued

operative site, the authors have used absorbable gauze (oxyceY) and as

* This work was done largely as a collateral study to a project o" ’r.Rnicillin m the treat
_

suppurative lesions noth special reference to chronic osteomyelitis

Committee on Medical Research between the Office of Scientific Rcs<

for Joint Diseases.
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Wi\s able to lift the limb from the bed, and when the general condition permitted, he was

allowed to sit in a chair. After about four or five weeks, he began to stand on the limb.

The hospital stay averaged fifty-five days. Upon discharge from the Hospital, the patients

were able to walk, with the support of -a stick, and the mobility of their hip joints and

knee joints was satisfactory.

' SUMMARY

Intertrochanteric and pertrochanteric fractures of the femur, with respect to healing,

may be regarded as benign fractures. The patients most apt to incur these fractures are

the aged, and the mortality rate is high. Methods of treatment that require a lengthy

confinement in bed should be avoided.

The operative procedure reported, which was used in thirty cases at the Sabbatsberg

Hospital, is not more serious than that employed in cases of fracture of the neck of the

femur. If performed correctly in suitable cases, it gives satisfactory internal fixation and

permits early mobilization. The injured patient is easily cared for, so that the work of the

nursing staff is lightened; the patient more rapidl}’- recovers mobility and capacity for

walking; and the hospital stay is shortened.

The mortality in this series of thirty cases was 10 per cent. The number of cases is too

small to enable one to judge whether or not this operative- procedure has produced a real

reduction in mortality.
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TABLE I {Continued)

Case No.
Substance Used for

Operative Procedure Hemostasis and Filling

of Cavity
Remarks

56-82 Saucerization of femui" None
j 57-83 Saucerization of humerus None
157-84 and ulna
62-89 Resection of rib None
67-96 Saucerization of intei-pha-

langeal joint

None

68-97 Resection of second toe

and metatarsal and
overlying ulcer

None

71-166 Saucerization of fused lum-
bosacral region of spine

and buttock

None

73-103 Saucerization of calcaneus None
75-105 Saucerization of tibia None

77-107 Saucerization of femur None
78-108 Saucerization of tibia and

plastic repair of skin

None

80-110 Resection of middle half of Gelfoam and
fibula thrombin

81-111 Saucerization of femur None

84-114 Saucerization of femur Gelfoam and

1,500 units

of thrombin
86-116 Saucerization of lower jaw Gelfoam and

1,500 units

of tluombin
87-117 Saucerization of femur and Gelfoam and

plastic repair of skin on 1,500 units
opposite side of thigh of thrombin

87-147 Saucerization of femur None

89-122 Saucerization of hip joint None

90-123 Saucerization of femur Gelfoam and

1,500 units

of thrombin

92-125 Saucerization of tibia and Gelfoam and
plastic repair of skin 1,500 units

of thrombin

Healed by first intention.

Healed bj'' first intention; wound over ulna
somewhat irritated.

Healed by first intention.

Healed by first intention.

Slight maceration of skin in web. Healed on
forty-first day after opeiation.

Healed by first intention.

Healed by first intention.

Healed by first intention except for small area

which was expected to slough, because o

atrophy and embarrassment of circulatioi

of skin.

Healed b3' first intention.

Healed on forty-first da}" after operation, sub-

sequent to spontaneous evacuation of hema-

toma and necrosis of small area of skin flap,

Healed by first intention, subsequent to slight

bloody discharge and prolonged fluctuation

at operative site. This resolved mthout

further discharge.

Healed on fifteenth day after operation except

for several small granulating areas which

healed on thirtieth day after operation.

Healed by first intention.

Persistent slight sterile drainage, which was

sanguineous at onset.

Considerable oozing into dressings. Tempeia-

tuj’e began to fluctuate to over 103 degrees.

Wound e.xplored on foui'teenth day. Con-

siderable slough and foul discharge. Bacillus

proteus isolated at primary and secondar}'

operations. Result; failure.

Wound br’oke doum on twentieth day after

operation and hematoma was evacuated.

Healed on forty-fifth postoperative day.

Wound not dressed for six weeks, when plaster

of-Paris spica was removed. Wound foun

healed except for some irritation at stitc i

holes. .

Severe hemorrhage on seventh postopera "

day, necessitating administration of p asun

'

for shock. Diastasis of wound. Seconder)

closure on thirteenth postoperative (-D

after evacuation of clot. Slight disc larg

Healed on twenty-ninth da}".

Skin edges of lower half of wound s oug

Healed on forty-first day after operatio •
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units of thrombin was usually dissolved in fifteen cubic centimeters of normal salin

containing 250 units of penicillin per cubic centimeter of fluid. The gelfoam was the
immersed in the thrombin-penicillin-saline solution. When it had been thoroughly soakec
it was kneaded to expel any remaining bubbles- of air, and reimmersed in the thrombir
penicillin-saline solution until it had absorbed the maximum amount of fluid. The gelfoai

was then pressed into sites from which bleeding was anticipated. Since gelfoam become
gelatinous at this stage, firm packing could not be effected and close adhesion could not b

obtained. Here, too, the wounds were flooded with saline solution containing penicillit

closed firmly without drainage, and dressed as described previously, before the tournique

control was released.

Results

In Table I are listed all of the cases with chronic osteomyelitic lesions in whicl

operations were performed during the greater part of the project and in which the wound

were closed without drainage. Included are instances in which oxycel or gelfoam wai

used to provide partial obliteration of the postoperative dead space and also to providi

a hemostatic agent to lessen the amount of oozing, subsequent to the closure of tin

wound. Included in this series are also those lesions in which the hemostatic and filling

agents were not used. These ma3q therefore, be considered as control cases, becaust

they were in a general wa}'’ similar to the cases in which absorbable substances were used,

In thirty-six of the total of fifty-three operative procedures, no absorbable substances

were utilized. In seventeen of these, healing bj’’ first intention had occurred on the tenth

postoperative day, at the time of removal of the sutures, without any complicating factoi

affecting the nature or time of healing. In twelve instances there were complicating heraa-

tomata, accompanied by the spontaneous discharge of blood or serum or some slight

irritation of the wound, with resultant delajq but nevertheless good healing of the wounds.

In five instances, all of which involved lesions of the tibiae, there was skin necrosis due to

embarrassment of circulation, incidental to the operative procedures, in areas in which the

circulation had been somewhat embarrassed, although competent, before the operation.

Some of these complications were anticipated. All except one of these lesions have even-

tually healed without further operative interference. There were two failures of healing,

due to inadequate operative procedures.

In six of the fifty-three operative procedures, oxjmel was used as a partial filler of the

resultant dead space and as a hemostatic agent. There was no instance of healing by first

intention without complication. In four lesions, spontaneous drainage of hematomata or

some other irritation of the wound delayed healing. In two instances, there were failures

of healing, due to inadequate removal of the disease focus.

In eleven of the fiftj^-three operative procedures (Table I), gelfoam was use as a

hemostatic, as a vehicle for penicillin, and for partial filling of the dead space resu mg

from the surgical excision. One of the eleven lesions had healed by first intention at t le im^

of- removal of the sutures, on the tenth postoperative day. In nine lesions,

evacuation of hematomata or other complicating irritations resulted in soine e a}

wound healing. In one of these nine (Case 90-123), the only one in the entire

severe hemorrhage occurred on the seventh daj’' after operation, necessitating ^

mediate administration of plasma to combat shock, and the eventual opera iv

of the blood- clot and successful secondary closure of the wound irithout ^ ®

hemostatic or filling agent. One lesion (Case 92-125) of the tibia which, m a
j

saucerization, was subjected to a dermatoplasty, was complicated by a s oug ^

of the wound edges, due to embarrassment of the circulation. This

healed well without a further operative procedure. In another ^
, necessi-

there was considerable oozing into the dressings and irregularities ot temp

taring the operative exploration -of the- wound. Considerable sloug a
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attributed to osteoporosis of the femoral condyles, which prevented a secure anchorage of

the reconstructed ligaments by the method which was then used. In fact, this was so ob-

vious during the course of an operation in 1931 that the operation was not completed.

Another method was, therefore, desirable to obtain a firm resistant implantation in

bone, even in the presence of osteoporosis. As a result of assurance from previously suc-

cessful cases that a fascial or tendinous support would maintain correction of genu recurva-

tum, an operation was devised to pass the transplanted tendon or fascia completely

through the tibia and femur to provide a direct support for the posterior aspect of the

knee (Fig. 6). The approach used for the capsuloplasty of Philip Wilson provides an

adequate exposure; and the patient mentioned previous)jq upon whom operation had been

discontinued, was again operated upon three weeks later. The result was so gratifying in

this and in two subsequent cases that it appears worthy of description, and is recom-
mended as another efficient method for the construction of a check ligament to correct

genu recurvatum. It has been found preferable to the original method of reconstructing

the collateral ligaments in the absence of lateral instability. The deformity and stability

of the knee have remained well corrected fourteen years and seven years, respectively, after

operation.

The tendon of the peronaeus longus is used as the material for the check ligament.
This was found by Henderson to be more efficient than a strip of fascia lata to stabilize

recurrent dislocation of the shoulder, and has the added advantage of being less bulky
and stronger in proportion to thickness. Probably there is no serious objection to the use
of fascia lata rather than the tendon of a sti'ong muscle.

An appropriatelj'- long portiqn of the peronaeus longus tendon, consisting of two-
thirds of its thickness, is excised according to the technique described by Henderson. If

this muscle is paral3’-zed, the entire tendon is utilized. It is laid aside in a moist .sponge for
later use. A longitudinal incision is then made over the medial aspect of the lower end of the

VOT 2*) VO T
' 0 “
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TABLE II

Hemostasis ivith Oxidized Gauze and Absorbable Gelatin in Operative Procedures on Vvrioi-
Bones and Joints

Case Operative Procedui’e Substance Used Remarks

F. D.

95-130

Resection of first toe,

metatarsal and cunei-

form bones, and overly'-

ing inflammatoiy tissue

for tuberculosis

O.xycel

F. D. Mid-calf amputation for Gelfoam and
95-131 tuberculosis of foot thrombin

J. J, i\I. Sauccrization and arthrod- Gelfoam and
96-132 esis of hip for tubercu-

losis

thrombin

A. B. Evacuation of soft-tissue Gelfoam and
97-133 - abscess (Staphylococcus

aureus)

tlirombin

A. P.

53-102

Saucerization of femur

(15-iuch incision) for os-

teomyelitis

O.vyceJ

L. Exploration for herniated

nucleus pulposus and

Hibbs’ spine fusion, rein-

forced by double clothes-

pin bone graft

Oxycel

S. L. Hibbs’ spine fusion for

tuberculosis

Oxycel

T. IV. Saucerization of scapula O.xycel

14-23 for tuberculosis

S. H. Excision of greater tro- Gelfoam and
SS-llS chanter for tuberculosis thrombin

L. S. Interinnomino - abdominal Gelfoam and

91-124 amputation for osteo-

genic sarcoma superim-

posed on Paget’s disease

of innominate bone

thrombin

M. Z. . Interinnomino - abdominal Oxycel, gel-

93-127 amputation for recur- foam, and

rent osteogenic sarcoma

of stump of thigh

thrombin

H. C.

117-169

Biopsy for osteogenic sar-

coma of coracoid process

O.xycel

A. Biopsy for osteogenic sar- Oxycel

coma of scapula, super-

' imposed on Paget’s dis- <

case

Lesion \vas so extensive that it could iiol b
closed, regardless of releasing incisions.

Scvei-e oozing was readily controlled by

oxycel, used as a superficial dressing.

Oozing well controlled. Wound closed ivitlioiit

drainage. Skin traction applied. Wound

healed by fii'st intention.

Oozing well controlled. Wound closed without

drainage. Healed except for stitch abscess,

slight serous discharge, and two small areas

of persistent granulations, on fifty-sixth day

after operation.

Wound closed without drainage. On the tenth

day after operation, wound Avas healed ex-

cept at its upper angle. Complete healing on

the fifteenth postoperative day.

No tourniquet used. Oozing readily' controlled

bj' four pieces of oxycel, Avhich avtic removed

prior to closure of the AA’ound AA'ithout drain-

age. Wound healed on thirtieth day after

operation. (See Table I, Case 53-78.)

Troublesome oozing readily controlled. Wound

licaled by fii’st intention. Spontaneous eAnc-

uation of small hematoma, three AA'eeksaftoi

operation, folloAved by rapid healing of

AA'ound.

Oozing readily controlled. Wound healed by

first intention.

Oozing readily controlled. IVound closed witii-

out drainage. Spontaneous evacuation o

serosanguineous fluid on the eighth post

operative day; Avound failed to heal. '

Oozing readily controlled. Wbund closed A'd i

out drainage. Spontaneous evacuation o

hematoma on eleA'enth day after operation.

Culture of AA'ound at operation steric.

IVound failed to heal. ,

Troublesome oozing in perineal !*
,

from stump of ilium readily contro c •

Portion of skin flap sloughed.

iblesome oozing readily controlled, o

laled by first intention e.xcept for

ca of sloughing of skin flap, due

irrassed circulation. Wniind

Iblesome oozing readily

aled by first intention.

Loracic amputation seven days late •

;alcd by fii-st intention,

, evidence of irritation
mc.dcnta

csence of o.xycel. , nr^und

iblesome
oozingreadilycontrollcd.^^j

aled by first intention. Sped

site of interscapulo-thoraci

OAA'ed no evidence of irn *
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is ;x most important consideration. Mild genu recurvatum is often advantageous in the

presence of a weak quadriceps, because it gives stability to the knee. Complete correction

of the recurvatum may, therefore, not be desirable when the quadriceps is paralyzed; and

one should be cautious in advising operation in the presence of paralysis of the quadriceps,

because ability to walk thereafter witiiout a brace would be uncertain. Paralysis of the

glutaeus maximus associated with a weak quadriceps is a contra-indication for the opera-

tion, because the backward lurching limp at the hip requires a good quadriceps to prevent

the knee from giving waj'. The foot should be stable or should be made so. An excessive

equinus deformity must be corrected, because this predisposes to strain at the back of the

knee. Mild equinus, however, may be advailtageous in the presence of a weak quadriceps.

.SUMMARY

Either of the operations herein described is recommended when a bone deformity,

consisting of a depression of the anterior articulating surface of the tibia, is not a major

factor causing genu recurvatum. In this case, the operation of Brett to elevate the tibial

plateau or the osteotomj'- of Campbell or Irwin would be required. It would -seem, however,

that these osteoplastic operations would not correct the lateral instability which so fre-

quentlj'- accompanies genu recurvatum
;
nor will a check-ligament type of operation ensure

lateral stability unless the lateral as well as the posterior structures are reinforced. The
original operation to reconstruct collateral ligaments to a more posterior position on the

condjdes of the femur meets this requirement, and is the operation of choice when lateral

instability as well as genu recurvatum is present. When there is no lateral instability of

importance, the alternative operation of reinforcing the posterior structures alone is suf-

ficient, and probably more adaptable.
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ultimate failure of healing occurred as a result of secondary infection of such a temporarily

disrupted wound. One should, therefore, weigh these possibilities carefully before resorting

to the use of these hemostatic agents which, under diflttcult circumstances, are neverthe-

less of inestimable value in the control of oozing and bleeding.

CONCLUSIONS

1. The use of oxidized gauze or absorbable gelatin as a vehicle for thrombin and

penicillin in filling dead spaces or bone cavities appears to be inadvisable, from the authors’

limited experience, because of the large proportion of complications interfering with the

healing of the surgical wounds by first intention.

2. The use of oxidized gauze or absorbable gelatin with thrombin as hemostatic

agents in the presence of troublesome oozing and bleeding is advisable, and at times

invaluable, notwithstanding the fact that the final healing of the wound may, in a con-

siderable proportion of instances, be delayed by temporary partial disruption incidental

to the evacuation of collections of blood and serum.

REFERENCES

1. Buchjian, Joseph, and Blair, J. E, : Penicillin in the Treatment of Chronic Osteomyelitis. A Preliminary

Report. Arch. Surg., 51; 81-92, 1945.

2. Buchman, Joseph, and Blair, J. E. : Report on the Use of Penicillin in the Treatment of Staphylococcal

Infections with Special Reference to Acute and Chronic Osteomyelitis and Several Collateral Studies.

Bull. Hosp. Joint Dis., 6: 114-125, 1945.

3. Correll, j. T.; Prentice, H. R.; and Wise, E. C.t Biologic Investigations of a New Absorbable Sponge.

Surg., Gynec., and Obstet., 81: 585-589, 1945,

4. Correll, J. T., and Wise, E. C. : Certain Properties of a New Physiologically Absorbable Sponge. Proc.

Soc. E.\per. Biol, and Med., 58: 233-235, 1945.

5. Frantz, V. K. : Absorbable Cotton, Paper and Gauze (O.vidized Cellulose). Ann. Surg., 118; 116-126, 194 .

6. Frantz, V. K.: New Absorbable Hemostatic Agents. Bull. New York Acad. Med., 22: 102-110,
194 .

7. Frantz, V. K.; Clarke, H. T.; and Lattes, Raffaele: Hemostasis with Absorbable Gauze (O.'iioize

Cellulose). Ann. Surg., 120; 181-198, 1944. ,

8. Jenkins, H. P., and Clarke, J. S.: Gelatin Sponge, a New Homostatic Substance. Studies on Absor

ability. Arch. Surg., 51: 253-261, 1945.
^

9. Lattes, Raffaele, and Frantz, V. K.: Absorbable Gauze in Bone Surgery. E.vperimental u les

Suggesting Clinical Application in Reconstruction of Joints. Ann. Surg., 124: 28-39, 1946.
, f

10. Light, R. U., and Prentice, H. R.; Surgical Investigation of a New Absorbable Sponge Derive ro

Gelatin for Use in Hemostasis. J. Neurosurg., 2: 435-445, 1945.
•

- it d in

11. Light, R. U., and Prentice, H. R.: Gelatin Sponge. Surgical Investigation of a New Matn.v se

Conjunction with Thrombin in Hemostasis. Arch. Surg., 51: 69-77, 1945. .

12. Pilcher, Cobb, and Meacham, W. F.: Absorbable Gelatin Sponge and Thrombin for emos

Neurosurgery. E.xperimental and Clinical Observations. Surg., Gynec., and Obstet., 81. 36
’ g^jcis

13. UiHLEiN, Alfred
;
Clagett, O. T.

;
and Osterberg, A. E. : The Use of O.xidized Cellulose

^
^

in Surgical Procedures: Preliminary Report. Proc. Staff Meet., Mayo Clinic, 20; 29-31, •

14. UiHLEiN, Alfred; Clagett, O. T.
;
Osterberg, A. E.; and Bennett, W. A.; Absor

gO:

Cellulose with Thrombin as a Hemostatic Agent in Surgical Procedures. Surg., Gynec., an

470-^72j 1945. . , » „

15. Unruh, C. C., and Kenvon, W. 0.: Investigation of the Properties of Cellulose Oxi ize

Dioxide. J. Am. Chem. Soc., 64; 127-131, 1942.
^ t\‘ 'A 1 Am. Chem-

16. Yackel, E. C., and Kenvon, W. 0.: The O.xidation of Cellulose by Nitrogen Dioxi e.

Soc., 64: 121-127, 1942.



ABSOHBABLE SUBSTANCES TO OBLITEUATE BONE CAVITIES 651

TABLE I

Tuicatmknt 01’ CnnoNic OsncoAtYELiTic Lesions, with and without the Use of Absorbable
Substances to Obliterate Bone Ca^tties

Substance Used for

Case No. Operative Proceclure Hemostasis and Filling Remarks
of Cavity

7-75 Saucerization of tibia and

plastic repair of skin

Oxyccl Healed by first intention. Fluctuation devel-

oped at operative site, followed by spon-

taneous serosanguineous discharge. Healed

on forty-eighth day after operation.

10-17 Saucerization of tibia None. Healed by first intention; serosanguineous dis-

charge on thirteenth day after operation.

Healed on thirty-fourth day.

24-35 Saucerization of femur None Wound failed to heal; inadequate operative

procedure.

25-37 Intra-articular and extra-

articular artlvrodesis of

hip

None Healed by first intention.

26^0 Resection of metatarsal

and toe

None Healed by first intention.

26-160 Resection of two toes and

metatarsal

None Healed by first intention.

27-41 Saucerization of humerus None Healed by first intention; preoperative sinus

healed on twenty-ninth day after operation.

30-46 Saucerization of tibia None Necrosis of skin at lower angle, due to em-
barrassed circulation. Healed on fiftieth

postoperative day.

33-49] II Saucerization of femur None Healed by first intention.

34-51]
:

Saucerization of tibia None Healed by first intention except for area of

atrophic skin; ulcer persisted.

37-54 Saucerization of humerus None Slight discharge of serosanguineous ' fluid.

Healed on thirteenth day after operation.
38-55 Saucerization of tibia None Slight sanguineous discharge. Healed on Iouft

teenth postoperative day, except for areas of

necrosis due to 'embarrassed circulation.

Healed on forty-fourth postoperative day.
41-59 Resection of toe and meta-

tarsal

None Healed by first intention. • ' •

42-60 Saucerization of tibia None Slight discharge; healed on twentieth day
after operation.

42-61 Saucerization of neck of

femur
Oxycel Healed by first intention on tenth day. Wound

moist and irritated, but remained healed.
43-62 Resection of sacro-iliac joint None Healed by &st intention.

47-66 Saucerization of femur None Healed by first intention on thirteenth post-

operative day, after spontaneous evacuation

of a slight hematoma.
49-69 Saucerization of tibia O.xycel Healed by first intention after spontaneous

evacuation of small hematoma.
50-73 Saucerization of disarticu-

lated hip and plastic re-

pair of skin

Oxycel Failure of healing; complete excision of avas-

cular scar not possible. Complicated by
severe amyloidosis.

53-78 Saucerization of femur Oxycel -Failure of healing; sanguineous discharge;

possibly due to failure to saucerize a second
focus in same femur.

54-79 Saucerization of femur Oxycel Considerable bleeding into dressings; wound
moist; small stitch abscesses. Healed on
thirty-first day after operation.

54-135 Saucerization of humerus Gelfoam and

1,500 units

of thrombin

Considerable sanguineous discharge on fif-

teenth day after operation. Healed on
seventeenth postoperative day.
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table I

Skeletal

Age

(years)

Femur

URTHO

loth
Percentile*

SOth 90th

24.7 2fi 1

Girls

rv^ 1

IITV

Tibia

30.2

32.6

34.6

36.1

37.7

40.1

41.0

43.9

44.4

44.8

45.4

10th

19.2

21.0

22.6

24.0

25.1

26.0

27.0

28.8

30.3

31.0

31.4

31.2

Percentile*

50th

20.4

22.4

24.3

25.2

26.9

28.2

29.4

31.0

32.8

33.0

33.0

33.6

Boys

0

6

7

8

9

10

U
12

13

14

15

16

17

18

24.2

26.0

27.8

29.6

25.6

28.0

29.8

32.1

26.8

29.2

31.6

33.6

18.8

20.3

21.8

23.4

20.3

21.9

23.5

25.1
31.8

33.7

35.1

36.6

34.1

35.7

37.4

39.3

36.1

38.2

40.0

42.2

24.8

26.0

26.9

28.3

26.5

28.0

29.2

' 30.6
38.5

40.2

42.6

42.8

41.2

43.5

45.4

46.6

43.9

46.8

47.7

49.4

29.8

30.9

33.2

33.4

32.8

34.6

36.0

37.0
42.6

42.9
45.8

45.8
49.6 32.6 37.0
49.4 32.5 37.0

90th

21.8

23.8

25.7

27.3

28.9

30.5

32.2

33.7

35.6

36.2

36.6

36.9

21.5

23.7

25.4

27.0

28.0

30.1

31.2

33.2

35.0

36.5

38.1

39.2

39.1

39.0

A i IB larger than Ofl Vior
‘ is distributed on the basis of size, the dimensic

define the ninetieth percentile for the rPctt-Uw*'
than 10 per cent, of the cases may be sai

the middle individual (the median! thn
Similarly, the “fiftieth percentile” describes the si 2

series. The “tenth percentile” indieatf>o
above and beloiy ivhich lie one-half the cases in the eii

group, and above ivhich lie 90 per cent
^ beloiv which lie 10 per cent, of the measurements for

the ind^idual which is ifrfer tS

senes. The tenth percentile” indicate®group, and above which lie 90 per S!

epiDhvseal
communication to report a method of prediction, for use ii'

the femur and f fl ""f
upon cumulative roentgenographic measurements of

ence^ b
"" P^’^P^^ed, a!so, to outline the experi-

acemmlv f
Children’s .Hospital, Boston, regarding both the

acy of the piedicted effect and the incidence of deformities. In all references in this

paper to arrest of the pro.ximal tibial epiphysis, it is to be inferred that it is accompanied

03'' arrest of the upper fibular epiphysis.
The chart which is presented for use in prediction must be considered a tentative

one, and it will be revised as more data are accumulated. It represents a part of 1 1®
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TABLE I {Continued)

Substance Used for

Case No. Operative Procedure Hemostasis and Filling Remarks

of Cavity

94-129 Sauccrizatioii of tibi.a Gelfoam and

1,500 units

of thrombin

Serous discharge on thirteenth postoperative

da3q healed on fifteenth day. Fluctuation on

twenty-second iiostoperative da}^ sponta-

neous serous dischai'gc on twenty-fifth day.

Healed on thirt3"-second daj^ after operation.

98-136 Saucevizatiou of radius None Healed bj' first intention.

100-38 Sauccrizatioii of tibia None Sanguineous discharge on sixth da}^ after oper-

ation. Spontaneous discharge of hematoma
on twentieth postoperative day. Healed on
tliirty-first postoperative da3^

104-144 Sauccrizatioii of femur None Fluctuation at operative site on ninth day
after operation. Wound healed without dis-

charge.

105-145 Saucerization of tibia Gelfoam and

1,500 units

of thrombin

Spontaneous evacuation of hematoma on

eighth day after operation. Healed with

persistent fluctuation on thirteenth post-

operative day.

105-146 Saucerization of tibia None Slight sanguineous discharge on sixth day after

operation. Healed on seventeenth post-

operative day.

106-148 Saucerization of femur Gelfoam and

1,500 units

of thrombin

Sanguineous discharge and induration at lower

angle on eighth day after operation; sinus

persisted. Result: failui-e.

106-159 Saucerization of femur None Sanguineous discharge and irritation of wound
on eighth day after operation. Spontaneous

evacuation of hematoma on eighteenth

postoperative day. Sinus persisted. Result:

failure.

109-151 Saucerization of distal plia-

lan.\ of finger

None Healed by first intention.

113-158 Saucerization of tibia and
plastic repair of skin

Gelfoam and
1,500 units

of thrombin

Spontaneous evacuation of hematoma on sixth

day after operation. Persistent discharge.

Healed on fifty-ninth day after operation.
123-176 Saucerization of femur None Healed by first intention.

gelatin (gelfoam) These substances were left in the wound, to be absorbed eventually
bj’" the tissues. In addition, they were used as vehicles for penicillin. In some instances,

gelfoam was used as a partial filler of the cavity, in conjunction ivith thrombin to control

the oozing and with penicillin to control the infection.

The technique of the use of these substances had to be somewhat different from that
described by other investigators who used these substances in the presence of active
oozing in soft tissues. Since the majority of the authors’ patients were operated upon
under tourniquet control, which was not released until after the compression bandages
had been applied, the operative fields were diy. Oxycel was packed firmly into areas
where bleeding was anticipated after release of the tourniquet. These sites ivere usually
the exposed medullary canal openings and the metaphyseal areas. The wounds were then
flooded with normal saline, containing 250 units of penicillin per cubic centimeter of fluid,

closed without drainage, and dressed as described, before the tourniquet control was
released.

Gelfoam was used under circumstances similar to those existing in the use of o.x3'^cel,

and differed onl3
’' in those steps inherent in the use of absorbable gelatin. Fifteen hundred
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TABLE II

Centimeters of Correction to be Derived from Arrest of the Distal
Femoral or the Proximal Tibial Epiphtsis

(Tentative Table, January 1947)

Skeletal
1

Age

( Years)

i

Distal Femoral Epiphysis Proximal Tibial Epiphysis

Low
1

Average High Low
j

Aveiage High

Girls

8 6.7 7.4
•

8.1 4.4 4.9

9 5.4 6.1 6.8 3.4 4.0

10 4.1 4.8 5.5 2.6 3.2

11 2.8 3.5 4.2 1.7 2.3

12 1.5 2.2 2.9 0.8 1.4

13 0.2 0.0 1.6 0 0.6

14 0 0.3 0.7 0 0.1

15 0 0 0 0 0

Boys

10
]

6.1
j

7.1 8.1 4.0 4.7 5.4

11 4.9 5.9 6.9 3.2 3.9 4.D

12 3.7 4.7 5.7 2.4 3.1 3.8

13 :

1

2.4
-

1

3.4
1

4.4 1.5 2.2
J

2.9

14 0.8 1.8 2.8 0.6 1.3 2.0

15
i 0

1 0.7 1.7 0 0.4 1.1

16 0 0.3 i 0.8 0 0.1 0.4

0 f 0 ! 0.2 0
1

0 0.1

form the essential data. Observations of the patients ivho have had epiph3’’seal arrests in

elude lateral roentgenograms of the knees, taken either semiannually or annually unti

the time of epiphyseal closure.

DERIVATION OF THE METHOD

The method of predicting the effect of epiphyseal arrests which the

posing is based upon a cumulative series of the annual increments in the grov i

long bones of the lower extremity between consecutive ages (Fig. 1). These mcremen

been computed separatel3’' for the femur and for the tibia, and are subdivided as

Measurements were derived from three to six annual orthoroentgenograms

lower extremit}'' of each of seventy-one boj'’s and fifty-one girls with anterioi po lomj^

and from eight to ten consecutive j'^earlj’- roentgenographic measurements of

and eighteen girls who are normal individuals. The average number of inciemen ®

age level was thirt3^ The extremes are recorded in graphic form, as are the

the derivation of these original average increments, to avoid criticism, on 3

viduals were used whose chronological ages corresponded to the skeletal ages, as

by the method of Todd*.
.p,.fion

For practical usage, curves were constructed to show how mucn con

^

Children with markedly retarded or advanced maturation
"I®''® age^Yeariy pie

affe"! of all the individuals in this group were adjusted to conform to their ske
joggly to those

of bone lengths, derived for this series by the use of skeletal age, correspond
^ f®'' the

groupS w4 used that the two could have been combined, f the importance
of d.e

disKtion This, uith other evidences which .mil be discussed later, emphasizes

assessment of relative skeletal maturity in considerations of grou'th. .
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were encountered. Cultures of the wound at the primaiy and secondary operative pro-

cedures yielded BacUhis protons. Another lesion (in Case 106-148) failed to heal. Sub-

sequent reoperation without the use of an absorbable agent similarly resulted in failure of

healing.

Comment

The authors readily appreciate that the six lesions in which oxycel was utilized and

the eleven instances in which gelfoam was used are but a small series, from which final

conclusions cannot be drawn. A comparison of these cases with those in which the absorb-

able substances were not used clearly indicates that the proportion of primary healing,

without any complicating hematomata or other irritations of the wounds, is considerably

less in the presence of these substances. The clinical difference in the character of the

healing has led the authors to abandon the use of oxycel and gelfoam as fillers for bone

cavities.

In this connection. Lattes and Frantz have reported animal experiments which indi-

cate that absorbable gelatin sponge (gelfoam) showed “a slight delay in healing [of

fractures] as compared with those treated with fibrin foam and wth the controls, but in

no case as marked as those treated with oxidized cellulose. . . . There seems to be little

doubt that the presence of oxidized cellulose in the immediate vicinity of a fracture inter-

feres with the normal processes of repair of bone.” The quantities of oxycel and gelfoam

used in the authors’ cases were probably greater than those used by Lattes and Frantz.

This may very well be an additional'factor in the delay of bone repair, suggested by our

series of cases.

THE USE OF ABSORBABLE SUBSTANCES AS HEMOSTATIC AGENTS IN OPERATIVE

PROCEDURES ON BONES AND JOINTS

Introduction

In addition to using oxycel and gelfoam as absorbable substances to obliterate bone

cavities, the authors have also utilized these substances as hemostatic agents in the

presence of troublesome oozing and uncontrollable bleeding during surgical procedures on

various bones and joints. The use of these substances as hemostatic agents is more in

keeping with the purposes for which they have been developed and utilized by the several

investigators on this subject, in contradistinction to their use as a filler for dead
spaces.

Procedure

Oxycel was used in the conventional manner described by the original investiga-

tors 5.6,7.13.14 gmall pledgets of the oxidized gauze were applied by the gloved finger or

by a superimposed piece of ordinary gauze, which was subsequently removed. Upon
coming into contact with the bleeding area, the oxidized gauze rapidly underwent a
change and became converted into a black, tarry, very friable substance which effectively

controlled the oozing or bleeding. In all but a very few instances, the substance was left in

place and the wounds were closed without drainage. In all instances, intramuscular peni-

cillin was administered during the preoperative and postoperative periods, and local

penicillin was used in the manner noted.

Gelfoam- was used as a vehicle for thrombin and penicillin. After preparation of the-

substance, the pledgets were applied to the bleeding area under pressure of the gloved
finger or of a superimposed piece of gauze. Difficulty was at times encountered in ob-
taining satisfactory packing, because of the gelatinous nature of the prepared gelfoam. All
of these operative procedures were carried out under antibiotic control.
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the onset of the disease. (In the patients of this series ^\ith 75 per cent, or Jess of muscula-
ture remaining', the average retardation of the affected extremity was 10 per cent, in the

femur and 12 per cent, in the tibia.) Theoretically, mathematical formulae should be ap-

plied to correct these variants, but more data are necessary before such precise adjustments

can be made. Shifting the position on the chart within the range indicated for the in-

dividual’s age, according to the factors mentioned, has worked in practice. As an aid in

estimating the relative bone lengths in a given child, a table is included here of the average

lengths of the femur and the tibia, derived from orthoroentgenographic measurements

(Table I).

The curves of prediction of the effect of epiphyseal arrest presented here do not go

below the ages of eight j'-ears for girls or ten 3'-ears for boys. This is an adequate age range

for the correction of discrepancies in length, due to infantile paral3mis. In the series under

stud3’', there have been no discrepancies greater than thirteen centimeters. Arrest at the

minimum ages would effect as much correction as this; and it is doubtful whether it would

be desirable to deprive an individual of more than five inches in total height in order to

equalize the length of his extremities.

The chart (Fig. 2) is based upon the annual increments of groAvth of a normal lower

extremit3 '’, rather than upon the average correction observed after epiph3meal arrest, for

two reasons. In the first place, a larger group of measurements could thus be used, which

gave more reliable averages and ranges in predicted values; in addition, if the corrections

obtained from epiph3meal arrests were used, the figures would contain certain uncontrol-

lable variables, which would depend upon the relative effectiveness of the epiph3^seal arrest

itself.

The average correction after cpiph3'-seal arrest in this series of patients was 65 per

cent, in the distal portion of the femur, and 46 per cent, in the proximal portion of the

tibia. If these percentages, which ai'e computed on the basis of the growth of the paralyzed

limb, were corrected on the basis of the average coefficient of inhibition which has been

|)bserved in the paral3"zed extremities, the values would be 69 per cent, of normal femoial

growth and 52 per cent, of normal tibial growth. These figures are reraarkabl}'’ similai to

the average values used in the chart of prediction—70 per cent, and 56 per cent., le-

spectirmbv—particularl3'' when one considei'S that the figures obtained from epiphysoo

arrests represent averages and, therefore, must include some cases in which an effectne

fusion has been slow in developing.

RELATIVE SKELETAL MATURITY AND AGE AT TIME OF EPIPHYSEAL CLOSURE

Early in this study'^ of growth, the authors discovered that it was essential to

some sort of assessment of the relative maturity'^ of each individual. The method

by Todd has been found to be the most valuable guide which exists at this time, a

^

it has certain limitations. The importance of using skeletal age, rather than

age, in prediction may be illustrated by'- comparing the effect of femoral arrest in

of the same chronological age. In Case A, with a chronological age of eleven an a

age of eleven, a correction of 3.0 centimeters was obtained. In Case B, with a c

age of eleven ymars and four months but with a skeletal age of thirteen y^eais a

months, only'- 0.9 centimeter of equalization was accomplished.

It was the authors’ rule to use the skeletal age in predictions, first,
coir

deviated nine months or more from the chronological age or, second, i i

sistently in serial examinations by^ as much as six months.
_ f +1 •

The importance of assessment of the degree of skeletal maturity is ur lei
j,y

by considering the age at which the epiphy^ses of the loiver extremities “.g gnil

serial roentgenograms, this fusion occurred at an average skeletal age o
jngtaiice?.

three months in girls and of seventeen years and three months in oys.

the fusion was observed within one year of these skeletal ages, wheiea
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TABLE II {Continued)

Case OjAcrative Piocodure Substance Used Remarks

R Subtotal resection of ilium

for osteomyelitis

O.xj’cel, gel-

foam, .and

thrombin

Serious bleeding of superior gluteal artery

ocenn-ed. Ligation impossible because of

reti'action of arteiy into sciatic notch.

Bleeding partially controlled bj’^ hemostats.

Packing with gelfoam proved impractical,

because of its gelatinous nature. Packing

with 0X3Tel controlled the bleeding and
made possible the completion of the opera-

tion.

Eesiilis

In Table 11 are listed all of the operative procedures in which either ox3’-ceI or gelfoam

was used for the specific purpose of controlling troublesome oozing or frank bleeding. In

all instances, hemostasis was satisfactorily and readilj'^ accomplished. The application of

oxj'-cel proved to be simpler and more effective than that of gelfoam. The gelatinous

nature of the latter substance made firm packing difficult.

It should be further observed that, of seven instances in which o-xycel alone was used
as a hemostatic agent, onlj'- four wounds were found to be healed by fii'st intention at the
time of removal of the sutures. These wounds remained healed without further com-
plications. In two of these cases, amputations were performed at the end of one week,
thus shortening the period of observation of the wounds. All of the wounds in which
oxidized gauze was used eventually healed satisfactorily, with the exception of two
B'hich were of a tuberculous nature. These failures cannot be attributed to the use of oxycel.

Of five instances in which gelfoam and thrombin were used as the hemostatic agent,
only one healed by first intention and remained healed ufithout any further complications.
Three of the wounds eventually healed satisfactorily, subsequent to the development of

complicating hematomata or skin necroses. These complications are not attributable .to

the use of the hemostatic agent. The fifth instance ended in failure of the wound to heal,
probably as a result of the sinus formed by the hematoma and the resultant secondarj''
infection of the wound, which at the time of operation was sterile.

In the remaining two cases presented in Table II, both oxidized gauze and absorbable
gelatin and thrombin were used for the production of hemostasis. In one of these (M. Z.),

a portion of the skin flap became necrotic for reasons unrelated to the use of the hemo-
static agents. In the second case (R.), gelfoam proved to be ineffective in the production
of hemostasis. The Avound eventually broke down because of the devitalization of a portion
of the bone which had been left in place.

Comment

The use of oxidized gauze or absorbable gelatin with thrombin for hemostasis, in
the presence of troublesome oozing and bleeding, has proved effective in difficult cir-
cumstances. The use of oxidized gauze is simpler than the use of absorbable gelatin and
thiombin. The effectweness of gelfoam has been found to be increased bj'^ inA'^estiga-
tors n.u.i2 have used suction to make it adhere to the bleeding area. The authors’
expeiience is limited to the simple application of the substance to the bleeding surface,
by pressure of the gloved finger or of an OAmrl3dng piece of gauze, A\-hich is subsequentlv
remoA^ed.

It is also apparent from our limited experience that the use of these substances
complicates the healing of the surgical AAmunds in an appreciable number of instances.
T liese complications consist in the spontaneous eAmeuation of accumulations of blood and
serum, Arith i-esultant temporaiy partial disruption of the wound. In at least one in.stance.





EXPERIENCES WITH EPIPHYSEAL ARREST IN CORRECTING
DISCREPANCIES IN LENGTH OF THE LOWER

EXTREMITIES IN INFANTILE PARALYSIS

A Method of Predicting the Effect*!

BY AVILLIAM T. GREEN, M.D., AND MARGARET ANDERSON, M.S., BOSTON, MASSACHUSETTS

Ftom'thc ^[assachtisctts Infantile Paralysis Clinics of The Children’s Hospital, Boston; the Department of

Orthopaedic Surgery, Harvard Medical School; and the Department ofMaternal and Child Health,

Harvard School of Public Health

Discrepancy in length of the lower extremities, if it exists to any considerable degree,

is disabling. In infantile paralysis, this disability is greatly exaggerated by the associated

paralj'^sis and related skeletal abnormalities; so that measures to equalize the length of the

extremities take on added importance.

When growth is complete, the only procedures available are direct lengthening or

shortening of one of the long bones. In the growing child, however, the possibility occurs

of modifying growth. The ideal arrangement would be to stimulate the growth of the

shorter limb. Since no feasible method of accomplishing this exists at present, measures

designed to inhibit the growth of the longer limb must be chosen. Surgical epiphyseal

arrest, or epiphyseodesis, was first described by Phemister in 1933. This has proved to be

a practical method of inhibiting growth, although deformities occurring after the procedure

in certain instances have been described by Straub, Thompson, and Wilson, and by Regan

and Chatterton. Roentgen irradiation has been shown to inhibit the growth of the epiphyses

k Although the use of such a means to affect growth in the child was proposed by Judy,

it remains to be demonstrated that undesirable effects do not arise from the irradiation

and that its action on growth can be well controlled.

The important problem in surgical arrest is to choose the site of the procedure at

the particular age which will allow equalization in length. This necessitates an ability

to predict, within a practical amount, the growth in the lower extremity which will occur

from various ages until maturity, as well as to estimate the proportion of growth which

will be inhibited by the arrest. Although the procedure itself inhibits the growth of the

longer limb, the index of its effect on the relative lengths of the extremities is based upon
the growth of the shorter extremity.

Various techniques of predicting growth have been proposed. Hatcher adapted the

Baldwin tables to obtain a derived length of the extremity^ and used a percentage from
each epiphysis, as described originally by Digby. Gill and Abbott described a more com-
plex method, which was likewise based upon a derived length for the extremity. They
emphasized the importance of using skeletal rather than chronological ages in prediction.

White and his associates suggested a simplified method, in which they proposed that the

obliteration of either the upper tibial or the lower femoral epiphysis resulted in a loss in

growth of one-quarter inch to three-eighths of an inch per year, with the assumption that

growth terminated at the age of sixteen in girls and at seventeen in boys.

No method, however, has been based upon actual measured lengths of the femur and
of the tibia; in fact, the authors are unable to locate published curves of growth of the

femur and tibia, through the period of maturation, other than those which they presented
recently! (Table I).

*Read at the Annual Meeting of The American Academy of Orthopaedic Surgeons, Chicago, Illinois,
January 29, 1947.

,, study was aided by a grant from The National Foundation for Infantile Paralysis, Inc., New
York, N. Y'.
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by subtracting the age of the individual under consideration from thirteen and three-
quarters years for girls and from fifteen and three-quarters years for bo3'^s, in order to
obtain the number of years of growth on the basis of the full yearly increment. The figure
so obtained is multiplied by the average increment of growth for the particular bone.
In a boy ten and three-quarters years of age, for example, the formula for the effect of a
femoral arrest would be as follows; 1.3 X (15^ - 10^) = 6.5 centimeters.

To determine the indicated age for an arrest in a particular individual, one takes the

amount of shortening in centimeters, divides this figure by the yearly increment of the
femur (1.3), the tibia (0.9), or the combination of the two (2.2), as indicated, to ascertain

the number of ye&vs required for the equalization. This figure is then subtracted from
the age of thirteen and three-quarters years in girls or fifteen and three-quarters years in

boj'^s, to determine the age at which the arrest is indicated. The method has various defects,

chief of which is that not enough data have been collected to indicate the range of individual

variation in increments. It was, howevei’, the second most accurate method when applied

to the cases in this series, and does allow a prediction when no chart is available.

TABLE III

Fin.\.l Results Compared with the Predicted Effect

No. of Per

Arrests Cent.

Result within one-half inch of predicted amount 54 88.5

Result one-half inch or more above average prediction 1 1-7

Result one-half inch or more below average prediction 6 9.8

Delayed operative effect 4

Other (one case) 2

Total anests with adequate measurements 61 100.0

The chart (Fig. 2) provided the most accurate prediction for the forty-one cases of

arrest in this series ivhich were available for the test (Fig. 4). It maj'' be well to comment

again that these cases were not included in the construction of the original table. In none

of the uncomplicated cases in the test series did the outcome vaiy as much a& 1.2 centi-

meters (one-half inch) from the average value predicted; in a larger group, to be discusse

later, however, there were six individuals in Avhom a greater deAuation occurred.

This chart has the advantage of proAdding a single graph Avhich ma}’’ be used diiectl},

Avithout mathematical computation. MoreoAmr, it provides a range AAdthin AA'hich an in

diAddual ma}^ be placed, after consideration has been giAmn to the Amrious factois aa uc

might modify the expected amount of correction.

RESULTS OP EPIPHYSEAL ARRESTS

The clinical results of epiph3''seal arrest in cases of infantile paralysis Avere

in all patients in AA^hom growth aa^s complete and in udiom observations existe e

and after operation. Falling into this category AAmre seventy-seven

fifty cases; forty-one of the seventy-seven AAmre in the test group discussed

The operations did not folloAV a constant technique, and the procedures iimre ca

by many different surgeons. Thirteen of the operations Avere done at other Irosp

of the patients were available for evaluation of deformities and

arrests, however, the measurements were inadequate to compam ™OTnt “1

obtained with the result which had been predicted. These were mainly the case

teleoroentgeiiogi-ams had been used for the early measurements.
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ANNUAL INCREMENTS IN LENGTH OF FEMUR ANDTIBIA-’

MEANS AND EXTREMES OBSERVED AT CONSECUTIVE AGE INTERVALS

Fig. 1

These values for the annual increments of the bones of the longer e.xtremity constitute the basic
data from which the prediction curves were derived. All measurements were made from ortho-
roentgenograms, which give the true lengths of the bones.

material from a study of growth which has been in progress since 1940. This study involves

approximately 700 children, 87 per cent, of whom have residual paralysis in one lower

extremity with a normal extremity on the other side
;
and it also includes observations on

158 normal children, who are the subject of study in the Department of Maternal and
Child .Health, Harvard School of Public Health.

Studies of growth should be longitudinal,—that is, they should follow the same in-

dividual throughout the period of growth, until maturity. The present studj'' follows this

principle. .However, a sufficient time has not elapsed for the tables to be constructed from
completel}’’ longitudinal data; and the report represents a combination of limited longi-

tudinal observations of the various children.

The study includes various measurements of the children, performed at regular inter-

vals. Orthoroentgenograms of the femur and of the tibia of each child are taken at yearly'’

intervals; in certain cases they are taken as often as once every three months. This tech-
nique of roentgenographic measurement has been described bj’’ Green, Wyatt, and Ander-
son. and is accurate enough to allow the recording of such quarterly increments of gi'owth.
For the purposes of this report, the lengths of the bones, as measured roentgenographicall}’-,
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CORRECTION OBTAINED
,

Not all cases adhered as closely to the prediction graph as did those used in the

evaluation of the method. Of the sixt3’--one arrests Avhich could be evaluated, the result

was below the range predicted in ten
;
and in five the result obtained was above the range

of prediction (Fig. 5). However, the discrepancy was small in most of these. In only seven

arrests, represented by six cases, was the deviation as much as. 1.2 centimeters from the

average prediction; in six of these, the correction was less than that predicted; in one, the

correction was 1.3 centimeters greater than the average prediction (Table III). The six

arrests in which the result was less than that predicted showed a mean discrepancy from

the average prediction curve of 1.8 centimeters, although one arrest which was technically

ineffective deviated b.y 3.3 centimeters.

,Deviations from the estimated amount seemed to be due primarily^-to two causes,—

either an arrest which was not immediately'^ effective on a technical basis, or an individual

with marked irregularity of maturation, as judged by' skeletal age. Secondary considera-

tions 'Were a patient with either very short extremities and a small increment of grorvth,

or x'ery long extremities and a very lai-ge increment of growth
;
and an arrest in a patient

who showed marked inhibition of growth in a paralyzed extremity'.

In four of the six arrests in which the coiTection was significantly less than had been

predicted, the procedure was not effective for quite a long time after the operation.

Examination of serial roentgenogi-ams showed that these epiphy'ses remained open for a

longer interval than normal. The slowness of the effect could be traced more or less directly

to the operativeTechnique, including instances in which bone grafts were inserted without

drilling or curettage of the epiphy'seal line.

For example, one boy' had a tibial arrest performed at a skeletal age of eleven y'ears,

in order to equalize a two-inch discrepancy'. The average predicted effect was 3.9 centi-

metersj with a possible range on the chart of from 3.2 to 4.6 centimeters. However, the

epiphyseal line remained open for an abnormally' long time, and did not become fusee

until tv'o years after the operation. The growth of the arrested tibia was inhibited onfi

Jiu. semi vaiB"'"

Fig. 6-A: W. B. had a tibial arrest at a skeletal age of twelve years and three mont

^
THE JOURN'AI/ OF BONE AND,

^
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CENTIMETERS OF CORRECTION TO BE DERIVED

FROM ARREST OF DISTAL FEMUR OR PROXIMAL TIBIA

PRELIMINARY CHART, 1947

GREEN-ANOERSON, THE CHILDREN'S HOSPITAL, BOSTON
TENTATIVE CHART, I9A7

Fig. 2

The amount of growth to be eliminated after epiphyseal arrest can be estimated from this chart.

The central line represents the average correction; the secondarj’- lines, the useful range. The extremes
are not indicated.

expected at each age from an arrest of either the lower femoral or the upper tibial epiphysis

(Fig. 2 and Table II). The proportion of growth of the femur assigned to the lower femoral

epiphysis was 70 per cent.; the upper tibial epiphysis was assigned 56 per cent, of tibial

growth. These were the averages obtained from a small number of cases which had measur-

able transverse lines of temporary growth disturbance evident at the ends of the bones.

These percentages correspond closely to the original figures of Digby, and to the amounts
proposed by others. The prediction chart (Fig. 2) represents a product of the cumulative

average annual increments of growth derived from a particular bone and the percentage

which the specific epiphysis contributes to growth. The dense central line represents the

average correction to be expected from an epiphyseal arrest at the corresponding skeletal

age on the chart; a derived range is also indicated for each age level*.

In the use of the chart, various factors can modify the position between the ranges,

which \vill be chosen as the amount predicted for a particular individual. A tall person

with long legs, for example, should approach the upper limit of the predicted amount;
a short individual, the lower range. Likewise, an individual with a high percentage of

inhibited growth in the affected lower extremity would be expected to receive less correction

than one whose coefficient of inhibited growth is less; and, therefore, the predicted amount
will be adjusted toward the lower figure for the age. When a patient has not had accurate

measurements long enough for the percentage of retarded growth to be determined, it

may be approximated b3>- relating the existing shortening to the estimated growth since

*BGcause no case in this series has yet been observed over the entire age range covered bj' the chart,
it IS impossible at this time to present actual values for the extremes. An artificial range of predictions is,
therefore, included, which has been derived from the standard deviations computed at each annual interval.
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TABLE lY

Complications Following EpipnysEAL Arrests

Total arrests (50 cases with growth complete)

Tibia 43
Femur 34

Deformities (all in tibia)

Valgus 4

Varus with genu recurvatum 1

Osteomyelitis

Peroneal palsy (temporary)

Overconection of discrepancy

No. of Per

Arrests Cent.

77 100.0

5 G.5

1 1,3

1 1,3

3 3,9

growth on the paralyzed side after operation. The interpretation was complicated by the

fact that the patient had had a lumbar sympathectomy on the side of the short limb.

A patient who obtained more than the average predicted correction illustrates certaii

difficulties. Arrests of the upper tibial and fibular epiphyses were performed on a girl a1

the age of eleven years and three months, and a femoral arrest was carried out at the age

of twelve years. Her skeletal age at these times was normal. The average predicted resiili

for the two procedures was 4.3 centimeters, and the maximum was 5.6 centimeters. There

was no reason to anticipate a deviation from the average prediction, since the patient

was a child of average height and with only moderate in^’olvement of the weak limb.

After the arrests, however, she exhibited slowing of maturation, as judged by roentgeno-

grams of her wrist; so that she grew for a longer period than was anticipated, and her

shortening threatened to become overcorrected. A femoral arrest was performed on the

paralyzed extremity at the age of thirteen, to make sure that the overcorrection would

not be excessive. Examination, after growth was complete, showed that the bones of the

extremity with the residual parab^sis were 1.2 centimeter's longer than those on the other

side; but her limb lengths to the sole wei'e equal, and her balance was symmetrical.

In two other cases the discrepancies \vere overcori’ected, and in one a femoral aue.d

was performed on the opposite side to prevent further increase in length; however, le

correction obtained in both instances was close to that predicted bj^ the chart, and tie

error arose from choosing too early an age for operation (Table IV).

DEFORMITIES

Deformities following epiphyseal arrest have been reported by othera
j

Thompson, and Wilson reported that, in 10 per cent, of their cases, deformities

which were severe enough to require corrective operations. Regan and Chatter 0

scribed significant deformities in 11 per cent, of their patients.
ations,

In this series, five instances of deformities were observed in seventy-seven

and all followed tibiofibular arrests (Table IV). A valgus deformity was
jjad

the other showed varus with associated genu recurvatum. Three of these patien s

osteotomies to correct the abnormality; folloiving these, isso

good. In one, an osteotomy has been recommended; and in the other, the e

slight that it does not warrant correction (Table V).
evidence of a

One of these patients (W.B.) shoAved almost immediate postoperatn

developing deformity, because the operation for technical reasons ai e

on the medial side (Figs. C-A to 6-F, inclusive), A
’'f V ™ ieotomy iras

befo,-e the deformity had progressed to the stage at "'h-h “^ (in.r»

However, this boy exhibited increasing 'deformity for eighteen m
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ago at which epiphyseal fusion occuiTed varied tremendously, covering a range of four or

five years. \'cry little growth occurred during the year preceding the closure of the epiphy-

.sps, so that the skeletal ages of fourteen years and three months in girls and sixteen years

and three months in boys can, for practical purposes, be used as the ages at which growth

of the lower extremities terminates.

ACCURACY OF PREDICTION

Although the effect of epiphyseal arrest in correcting discrepancy can be determined

once growth is complete, not all cases in this category can be used in testing the accuracy

of methods of prediction.

Sevent3^-seven cases of epiphyseal arrest in this group have been followed through

the period of completion of growth in the lower extremities; however, for the purpose

of evaluating predictions, it was necessary to omit cases in which accurate serial roentgeno-

graphic measurements were not available, those in which the skeletal age was not recorded

at the time of the procedure, and individuals in whom other operations complicated the

measurements. Likewdse, patients were omitted in whom the paralytic involvement was

bilateral; those in whom the epipl^'-seal arrest was definitely slow in producing its effect,

as determined b}'- postoperative roentgenograms; and those in whom a postoperative de-

formity occurred.

Satisfjdng the demands were forty-one arrests, performed on twenty-nine patients.

The other arrests were used in evaluating the result of the procedure, but not in evaluating

the method of prediction. The general pattern of the action of the arrest in each of these

forty-one operations was nearly always parallel to the predicted curve (Figs. 3-A and
3-B). Of the 190 points representing levels of prediction at the various ages, only 4 per

cent, were outside the indicated range, and in those the deviations were of minor degree.

The accuracy of this method of prediction was compared with that of four other

methods of estimating the effect of epiphyseal arrest:

1. The Baldwin-Hatcher table, assuming that the distal portion of the femur con-

tributes 40 per cent, and the proximal portion of the tibia 27 per cent, of the growth in the

lower extremity.

2. The Gill-Abbott method.
3. White’s method, assuming that the distal portion of the femur contributes three-

eighths of an inch per year and the proximal portion of the tibia contributes one-quarter

inch per year until the age of sixteen years in girls and of seventeen years in boys.

4. A method utilizing a fixed yearly increment of growth and skeletal age.

The fourth method might be considered a modification of the method of White, and will

be described in detail. In all instances, except the original method of White, skeletal ages
rather than chronological ages were used (Fig. 4).

The Baldwin-Hatcher table gave a high figure for the predicted result in the boys in

this series, but the girls in the group obtained corrections quite similar to those predicted.

When this method was emplo3'’ed, in conjunction with a correction for skeletal age, pre-

dictions were more accurate than one would anticipate, when it is considered that the
table is derived from anthropometric measurements. Baldwin’s measurements, which were
used by Hatcher, indicate that extremities grow more rapidly in boys than in girls; the
authors’ data, on the other hand, indicate that bo3'’s grow at essentiall3

’' the same rate,

but continue to grow two 3mars longer than girls.

The Gill-Abbott method, although more complicated, has the virtue of being the onl3
'

one in which the height of the individual is taken into consideration. Their predictions
coincided veiy well with the results obtained in the authors’ cases, with the exception of
bo3's’ femora, in which the amount predicted exceeded greatty that which was obtained
in this series.

White’s method has the great advantage that predictions are made without a chart;
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diaphysis, are then inserted into the obliterated plate so as to fill it in as completely as
possible. Particular care is observed, when drilling the femoral epiphysis in the direction
of the patellar groove and when drilling both bones directly posteriori}^, not to go beyond
the confines of the bone; the drilling of the posterior portion, however, should be thorough.
The graft is rotated 180 degrees and reinserted so that cortical bone impinges upon cortical

bone, with the graft fitting snugly and smoothly. This fit is facilitated by the use of

matched osteotomes in pairs, when the graft is removed. The periosteum is reconstructed.

If this technique is followed carefully, postoperative deformity should be minimum,
and arrest should be effective from the start.

COMMENT

It is well to recall that absolute equalization of length is not the goal in all cases. A
patient who must wear a long brace with a locked knee joint, for e.xample, is usually better

with one or two centimeters of shortening on the side of the brace. Each problem should be

considered individually.

For those who do not need a long brace, it is desirable for the extremities to approach

equality of length. Procedures to correct discrepancy are particularly indicated vhen

marked shortening exists in patients who do not require a brace.

To determine the degree of correction which is needed, the amount of lift required

to restore balance in the standing position is the important consideration, and should be

evaluated. Roentgenographic measurement of the bones and clinical measurements from

the anterior superior spine of the ilium to the medial malleolus and to the sole should be

recorded. The decision as to the amount of arrest needed arises from a combination of these

evaluations. If a triple arthrodesis is planned for a later date, it is well to add one centime-

ter to the amount which is considered necessary, since this operative procedure reduces the

height of the foot.

In planning the correction of a discrepancy of considerable degree, it is well not to

wait until the age at which arrests of both the femoral and tibial epiphyses are indicated,

but to perform one operation at a younger age and the other at the age when it is needed

to complete the equalization. In this way less error will occur if, for some reason, such as

a change in the pattern of maturation, the original prediction should not be accurate.

Marked shortening of the leg (tibia) in girls is not desirable cosmetically.

In following the condition of patients Avho have asymmetrical involvement of tie

lower extremities, caused by infantile paralysis, not only the discrepancy, but the actua

lengths of the extremities should be recorded at regular intervals. Highly desirable, but no

essential, are accurate roentgenographic measurements at yearly intervals. Such

tion permits a calculation of the percentage of inhibited growth, as well as a recoid o

shortening and the length of the extremities. At intervals of a year or six months,

genograms of the wrist for evaluation of skeletal maturity are desirable. The

skeletal age by a single determination is very much less reliable than by serial

Finall}", it must be stated again that the chart which has been presented is a ten

guide for the estimation of the effect of epiphyseal arrest, and not an absolute in

irregularity of patterns of growth must be appreciated and considered as a limitino

in any method.

2 .

3.
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COMPARISON OF METHODS OF PREDICTION

AGAINST 41 FINAL RESULTS

Each of these charts has been constructed with a diagonal line, indicating perfect agreement between
actual and predicted results; and with two other lines, spaced so as to include all cases within a 25 per cent,

error of prediction. Arrests on boys are indicated by a cross; on girls, by a solid circle.

The forty-one final results in the test series corresponded more closely to the values from the authors’

prediction charf (growth study, average values) than to those of the other methods.

but, on the basis of the cases tested, it was less accurate than the other methods. However,

the amounts of yearly growth which White described as occurring at the epiphyses did not

show great variations from those observed in the authors’ cases. The inaccuracy arises

largely from the fact that relative skeletal maturity is not considered, and that the ages

which White used as indicating the cessation of growth could not be corroborated.

If various modifications are made in the method described by White, a technique is

evolved which, as applied to the authors’ cases, was quite accurate. This may be called

the “fixed increment-skeletal age’’ method. The vajue used in prediction represents funda-

mentally a product of a fixed increment of groviih, assigned to the particular epiphysis

under consideration, and the number of years of growth remaining.

All computations are made with a correction for skeletal age, the ages of fourteen

years and three months for girls and sixteen 3mars and three months for boys being used

as the times when growth in the extremities terminates. The j'^earl}’- increments used are

the average amounts which w'ere observed in normal lower extremities of boys and girls

in this series during the j^ears of active growth. These are 1.3 centimeters for the distal

femoral epiphj’^sis and 0.9 centimeter for the proximal tibial epiphj'^sis, except during the

last j^ear of growth, when the amount is approximatelj’^ half these figures. To allow for this

reduced growth in the terminal period, the figures are adjusted, for purposes of computa-
tion, as though the full increment were followed for a period of one-half jmar less than the

actual period of growth. The effect of an arrest at a given age maj^ then be approximated

VOI. 29. N'O, 3. JULY 1947



THE POSTEROLATERAL APPROACH TO THE FEMUR
BY MAJOR GEORGE H. MARCY

Medical Corps, Army of the United States

From the Orthopaedic Service of the Twenty-third United States Army General Hospital

Reparative surgery of battle fractures has proved the value of the posterolateral

approach to the femur. This approach was employed originally at the suggestion of Major

Champ L3'’ons, in order to establish adequate dependent surgical drainage of the hematoma

and of the infection complicating the femoral fracture, while the patient was on his back in

traction and penicillin therapy was being used. The true posterior incision was considered

to be contra-indicated, because of the possibility that sinuses, forming in the wound of

incision, might result in involvement of the sciatic nerve.^ The posterolateral incision was

also indicated, whenever possible, in the debridement of wounds associated with fractures

of the femur, in order to allow dependent drainage while the patient was being transported

in a plaster spica from the Evacuation Hospital to the Base Hospital. Because of its many

advantages and because of the fact that reduction and internal fi.vation could be accom-

plished easily'’ and rapidly^ by’’ a surgeon with the assistance of only one nurse, it soon became

the incision of choice in both compound and simple fractures.

OPERATION

Position of the Patient: In the author’s e.vperience, the most satisfactory position for

the patient is on the back with the lower e.xtremity’’ suspended by a Kirschner wire in the

position of 90-90-90 traction, as described by’’ Obletz, to a frame designed by’’ Godfrey’’®. By

this means, traction of the femur and reduction of the fracture are easily’’ accomplished,

with little e.xertion on the part of the surgeon or his assistants. The position relaxes the

hamstring muscles by’’ flexion of the knee, and also relaxes the sartorius and rectus feraous

by flexion of the hip. Moreover, the upper end of the femur is brought down from beneath

the glutaeus maximus by’’ flexion of the hip, giving more extensive exposure. If such sus-

pension is not possible, hov’ever, the patient may’’ be turned slightly’^ on the unaffected sic e

or, easier still, placed on the abdomen with the limb draped so as to allow flexion of tie

knee.

Incision: The line of incision is from a point just proximal to the gluteal fold, ha ua

between the greater trochanter of the femur and the tuberosity’^ of the ischium, to a poin^

just proximal to the lateral condyde of the femur, between the tendon of the biceps

and the iliotibial band (Fig. 1). Along this line the sulcus between the biceps

the vastus lateralis can easily be palpated, so that there need be no doubt as to w e. >

location of the incision. Any^ part of this line, or all of it, may’’ be used for the

depending upon the exposure required. After the superficial vessels have been hga ^

deep fascia is sharply^ incised. The vastus lateralis is then bluntly separated from t le

femoris along the fascial plane. In the middle third of the thigh, some care mus

not to separate the long head of the biceps femoris from the short head o t ns

which brings one in close proximity to the sciatic nerve and directly over t le pi

artery and vein (see Middle Thigh, Fig. 1). In the middle third of the ' gg^ng

perforating branches of the profunda femoris artery and vein are encoun
if

transversely from the biceps femoris to the vastus lateralis. These may
the

necessary, divided and ligated. As the femur is approached, it is
cutting

thin origin of the vastus lateralis from the linea aspera. This is the on y

necessitated by the approach, and it is seldom associated
After

and the fracture site are then exposed by incising and elevating the per
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in cases yith marked soft-tissue loss anteriorly, which made closure of the anterior ^vouiid

impossible. Drainage of infections of the anterior quadrants of the thigh, especially of the

medial quadrant, was unsatisfactory when this incision was used; and other means were
required. After operation, the muscles Avere found to fall back together, as did the skin, so

that small non-disabling scars AAmre obtained even when the incisions were not sutured.

Muscle scars or adhesions which limited the motion of the knee were not encountered,

although the cases could not be followed sulEciently long to be certain of this. Sensory

changes AA'ere minimum, as the incision lies between the skin areas supplied by the lateral

femoral cutaneous nerAm and the posterior femoral cutaneous nerve.

SUMiAIART

The posterolateral approach to the femur gives easy anatomical access to the enti

shaft of the bone AA'ith negligible blood loss, minimum muscle damage, and only slight,

anyq circulatory or sensory impairment. It facilitates reduction, alignment, and frxatic

of the fracture, and alloAA^s for dependent drainage. The scar resulting from the incisioir

neither disabling nor disfiguring.
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DISCUSSION

WILLIAM T, GREEN AND MARGARET ANDERSON

{Continuedfrom page 675)

of the whole group, however, the effect fi'om epiplwseal arrest, performed by many different suigeons

hospital, was nitliin one-half inch of the prediction. Most of the variations from the predicte e ec

traced to the technique of the operation.
^

of

The details of the operative technique are most important, and the reason that many aie

the procedure is that the operation is not performed satisfactorily. A poof arrest may not obtain w

effect because it does not slow dornr growth immediateb''; an arrest which is done pooily on on^

produce deformity. I think that epiphyseal arrest is a good procedure, and that it is the es v a>

the length of the e.Ytremities of the growing child in most instances.
of skelcti'*

As regards Dr. TOiite’s question, I think we should appreciate that accuracy in pre ic i

matui-ity is essential, and that we still have difficulty with it. Particularly do we have lou

unusual children who show variations in their patterns of maturation.
. subsequent''

roentgenographic evaluation to be retarded in skeletal maturation
f

he shows very rapid maturation, which changes the relative position of the ske e . ^^.iH i^-

This child, therefore, grows for a shorter period than was anticipated, and thus e e

less than that predicted. Problems likewise arise ndtb those who seem to mark U

tion, with the result that they grow for a longer period than was anticipated. P

this irregularity in the velocity of maturation as time goes on.
r-pV
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(I('Vploi)O(l, rcqniriiiK ostootoniy. Roentgenogram, taken one month
after arrest, shows tlie tibial epiphyseal line to be open only on the

medial side.

li'ig. 0-B: Roentgenogram, taken twelve months after the arrest,

.show.'-’ marked genu valgum.
Fig. fi-C: Shows eorrcction after osteotomy.

Fig. O-D: Preoperative photograph shows the two-inch .shortening.

Fig. G-E: The (legice of knock-knee prior to osteotomy is shown.

Fig. G-F: Photograph after osteotomy shows the good contour of

the extremity. The final correction in discrepancy amounted to 3.4

centimeters.

Fig. 6-D Fig. 6-E Fig. 6-F-

26 per cent, during this period, instead of an average of 46 per cent.
;
and a femoral arrest

was necessaiy. The total correction from the tibial arrest was. only 1.9 centimeters; but
the extremities were of equal leng'tli at maturity, because the femoral arrest was normally

effective.

Two other arrests \^'hich were slow occurred in one patient, a girl, -and were veiy

unusual. The tibial arrest was performed at the age of ten years, -and the femoral arrest

at twelve 3'^ears of age. The skeletal age was normal at tliese.tindes. Both epiplij^ses closed

promptl}^. The coefficient of inhibited growth in the paralyzed extremity prior to operation

was onlj'’ 14 per cent., which is close to the average figure for this series of cases; j^et the

result obtained in this patient showed the greatest deviation from the predicted result.

She was a ver3r short girl at all ages; her height was just above the tenth percentile*; and
the tibia on the paral3''zed side grew only 4.4 .centimeters after the tibiaf arrest rather

than the average increment of GrJ centimeters. The effect was furthei' reduced b3
" tlie fact

that the percentage of growth inhibited b3’- the procedure was less than 'it should have
been. A full explanation of the slowness was not apparent. In part,' it occurred because
of her short stature and lack of growth and because of an increase in the veIocit3\of matura-
tion after the arrest, but some other factor contributed to the unusual result. It seems
likel3

' that, for some unknown reason, there was an increase in the coefficient of inhibited

* Sec footnote to Table I.
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complete dislocation of the knee, when immobilization in plaster is used as treatment;

''The interesting fact is that, in spite of the extensive rupture of ligaments, including the

crucial ligaments, the functional results in recorded cases have been so good. The explana-

tion of this is that the lesion is so formidable that prolonged fixation is absolutely neces-

sary; early use and movement is impossible mthout

displacement occurring. Hence torn structures are

usually given time to unite firmly, and with exercise

and Ufse, considerable freedom of movement is re-

covered in time. . . . The great lesson seems to be

that if the displacement is reduced and the limb fixed

in a straight position, nature will do surprisingly well.”

3.

Fracture of the Patella During Manipulation

In patients who have had fractured femora in the

past, it is well known that the patella may be fractured

bj'- violent manipulation of the stiff knee. This would

seem to indicate two facts, ^—-first, the existence of

“master adhesions ” lying proximal to the patella, and,

second, that the adhesions within the joint are less

formidable, because they can be overeome Avith com-

parative ease once the knee has been disconnected from

the thigh by the rupture of the extensor mechanism.

4 . Results of Plastic Operations on the Quadriceps

Excellent results have been described following the excision of the adherent Amstus

intermedius described by Thompson. The operation offers a good possibility of securing 90

degrees of motion in knees which before operation AAmre Amry stiff. The procedure is often

combined Avith lateral and medial incisions of the capsule of the knee joint. After diAusion

of these extra-capsular structures, the knee can be flexed Avith the application of only

moderate force, Avhereas before operation it may haAm resisted very poAA'erful force.

5. Results of Plating Operations

In general, after internal fixation of fractures of the femur by means of metallic plates,

prognosis for knee movement is not encouraging. Most surgeons attribute this to adheience

of the quadriceps in the vicinity of the plate.

Illustrating the significance of frac-

ture of the patella, Avhich ma3'’ occiii- if

violent flexion force is applied to a stiff

knee after a fracture of the femur. The
“master adhesions’’ in the extensoi' ap-
paratus must offer greater resistance to

flexion than the intra-articular ad-
hesions, whichare readilyovercome, once
the extcn.sor e.xpansion has ruptured.

EVIDENCE FOR INTRA-ARTICULAR ADHESIONS

1. Direct Evidence at Operation

Arthrotomy is not often performed on stiff knees folloAAdng old fractures of the

but it Avould appear, from discussion AA'ith surgeons AA'ho have had this opportunity,

intra-articular adhesions can be demonstrated. HoAA'-ever, as already pointed

possible that these intra-articular adhesions may be of secondary importance to mo

formidable adhesions already existing in the quadriceps.

2. Coincidental Injuries to the Knee
. .

,

The knee joint often shoAA^s effusion folloAAung fracture of the femur. This is

indicate that the knee suffered injury at the same time as the femur; but, as ahea

eA'-en severe ligamentous injuries do not necessarily result in a stiff knee, xp

AA'ork Avith animals does not suggest that intra-articular adhesions are common a

longed fixation of normal joints *>.

CONSIDERATION OP EVIDENCE FOB THE CAUSES OF STIFFNESS IN THE KNEE
^

From this evidence, there Avould seem to be a stronger case for finding the pin®*

of adhesions in the vastus intermedius than Avithin the
, adhesions resuU

It would seem reasonable, therefore, to suppose that nitra-ar 1 ‘

‘^j^dricep-A

from the prolonged fixation imposed by ''master adhesions AVithin the
q

^

„
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TAJJLB V

SecondAUY Opeuations after SEVBNTV-SE^•EN Arrests

Per

No. Cent.

For deformities:

Osteotomj’^ 4 5.2

Done 3

Advised 1

Secondarj' arrest 1 1.3

For over correctioir

:

Femoral arrest in paralyzed lower extremity 2 - 2.6

wedge osteotomy was performed to correct the genu valgum. Follotving this, no further

increase in the deformity occurred, and the final result was a limb of good contour wit^i

ver}'' little discrepancy in length.

In an analysis of the causes of deformity and the delay in effect of the arrest, the

postoperative roentgenograms usuall}^ are a clue to the difficulty. Persistent asymmetiy
in the width of the epiphj’-seal line or failure of the line to become narrow and .finally

obliterated within a year are the important findings. If inci'ements of growth are measui’ed

accurately and the correction does not follow the predicted pattern, one may suspect that

the procedure has not been adequate. It is our custom, at this time, to insert a very small

square of tantalum on the diaph3'’seal side of the plate, both medially and laterally. These

squares, when visualized in serial roentgenograms, permit an accurate evaluation of the

effectiveness and symmetry’’ of the arrest. Roentgenograms of the area should be taken

every three months until the epiphysis at the site of arrest has been completelj’- obliterated.

Cai’eful clinical examinations should be performed at regular intervals, during the same
period, to record anj’’ tendencj'’ toward deformity.

The technique of the operation seems to be the largest factor in determining the

effectiveness of the procedure and the incidence of deformities. Certain of the surgeons

cariying out the procedure in this series have had no cases in vffiich deformities de^'^eloped,

and all of their arrests have been effecthm immediately.

technique of operation

The operative technique will be discussed only in so far as it affects the results of the

procedure. The technique Avhich is recommended includes a wide, thick graft on each side

ordinarilj^ from seven-eighths of an inch to one inch (from 2 to 2.5 centimeters) in width

—

which should go well beyond the epiphyseal plate into the epiphysis, yet have a much
longer portion on the diaphyseal side. It should extend at least one inch into the diaphysis
so that, when the graft is reversed, the cartilage in the transplanted bone is well removed
from its original position. In depth at the epiplij’^seal plate, the graft should be at least

three-quarters of an inch (2 centimeters). The exposure of the epiphj'-sis can often be facili-

tated by adding a transverse cut to the longitudinal incision in the periosteum. The opera-
tive sites should be located equidistant from the anterior and posterior surfaces of the bone;
this will place the grafts in exact mid-lateral and mid-medial positions. The epiplyseal
plate is drilled carefullj'’ throughout its extent with a hand drill, entry being made through
the site from which the graft has been removed. The first drill point used is one-eighth of an
inch in diameter, so that the- cartilage maj’’ be followed accuratelj’’, bj’' palpation with the
drill point, as the drilling is performed. After this, drill points three-sixteenths of an inch
and one-quarter inch in diameter are used, so that the epiphv’^seal plate will be thoroughl.v
obliterated. Slivers of cancellous bone, pried from the bed of the graft in its extent in the
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Pig. 4-A

Fig. 4-B

In Fig. 4-A is seen the sudden deterioration of knee movement after the thirteentli 'PpH gpo'n-

external support had been discarded. This depressed range persisted for about one
true

taneous recovery started. It is postulated that this spontaneous recovery was held m apeya
simple

consolidation of the fracture had been assured, and that the retuin of knee movement was

I nhenomenon, but was Drimarilv dependent upon the state of the fracture.
...uiiout

In Fig. 4-B IS ilfustratea a case in wnicn strong pony union toon, pnn-e — -
„ressivei} -

anj-^ threat of re-fracture or'late angulation. Knee movement returned spontaneous!}^ an p b

(average time was 6.8 weeks) had an average range of motion of
weeks

after fracture. Those patients who did not show clinical
.fmees sK'

faverage time was 15.3 weeks) had an average range of motion of i4.5 deg

a'fter fracture (average difference was 39.6 degrees at six months). At one 5
^
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DISCUSSION

Dr. Frederic C. Bost, San Francisco, California: Since the origination of epiphyseal arrest by

Dr. Phemister, other methods of equalizing leg lengths have rarely been necessary. The use of epiphyseal

arrest requires exact information regarding the grow'th of bone. Quite accurate information concerning the

giowtli of bone was adduced by Hatcher, bj' Gill and Abbott, and by J. Warren White. All of them used

information obtained from records made bj' other observers who were concerned with the general growth of

the child, and information obtained by anthropological studies. It is interesting that these methods of estima-

tion should prove so nearlj' correct, as Dr. Green has pointed out in his present paper.

Dr. Green is the fii’st to give us very accurate information concerning the growth of bone. These data

he has obtained by serial roentgenograms made at half-year or yearly intervals. From the information which

he obtained, he has presented a simple chart which shows the average growth to be expected at any given

age. This chart is sufficiently accurate to be of practical use in treating patients who have inequality in

lengths of the lower extremities.

Dr. Green’s statistics are based upon measurements obtained from a large number of children, but much
more information must be adduced before the measurements may be considered infallible. While exact

equality of lengths is not essential for a good clinical result, nonetheless we should all collect further informa-

tion concerning bone growth in order that greater accuracy may be possible. Dr. Green’s measurements were

made from orthoroentgenograms, a measurement which he described in an earlier paper. Scanography,
described by Millwee and also by Gill, would seem to be an even more accurate method for measuring actual

bone length.

Dr. j. W.arren White, Greenville, South Carolina: I want to express my appreciation for these

liapers, which are a re.al help to those of us who are intensely interested in this subject. I would like to ask Dr.

Green, who persuaded me eight months ago to take cognizance of bone age, about the determin.ation of this

unportant figure. In every roentgenogram we have taken, we have had trouble making this determination.
I hope that something will be published soon which will be more accurate than the Todd method. Wo re-

cently have been in communication with Dr. Bayley of the University of California, and she has sent informa-
tion which has been of considerable value, I wonder if Dr. Green can give us some information b3' which
We can more accurateh' interpret the bone age.

Dr. W, T. Green, Boston, M.ass.achusetts (closing): As regards Dr. Bost’s comment concerning the
.accuracy of the roentgenographic method, I should like to say th.at the method is accurate, as the determin.a-
tion depends upon focusing the tube consecutiveh' over each joint, and hence upon the interception of the
ends of each bone Iw parallel raj’s. This avoids magnification. The point of focus is recorded on the film hi'

a marker in every instance, thus allowing us to check the technical accuracy of each film.

c shall alwaj’s have some difficultj’ in predicting the effect of an arrest until we understand better the
patterns of skeletal maturation, and arc able to judge skeletal maturity more accurately. In SS per cent.

(Continued on page 67S)
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at six months, and the range at twelve months was 135 degrees (the patient was of spare
build, and full range was estimated at 150 degrees). The final range was good, but, although
motion was started earliest in this series, final range was not so complete as in a number
of other cases which were treated by much slower methods.

That the recovery of the last few degrees of full flexion is not dependent upon simple

mechanical factors in early treatment would seem to be fairly obvious. The recovery of

full range depends upon the complete absorption of all scar tissue in the region of the

healing fracture. It is difficult to see how exercise of the knee, during the first three weeb,
on a limited range centered on the semi-extended position, can have much direct influence

on the return of the last few degrees in the position of full flexion some nine to twelve

months later (Fig. 5). The production of minimum scar tissue around a fracture is de-

pendent upon biological factors and not upon simple mechanical movement of the knee.

FINAL KNEE RANGE IN THE PRESENT SERIES

The thirty-four cases in this series Avere treated with fixed traction on a straight

Thomas splint in accordance Avith the basic principles of Thomas, and as discussed in a

preAHOus paper The prolonged fixation of the knee, according to the classical method

AAms abandoned as soon as e\ddence of clinical union at the fracture site had been detected.

It is of interest to note, in AueAv of the satisfactoiy range of final knee motion, that the

exercises * for knee flexion, Avhen first started at about the eighth Aveek, rarely lasted for

more than five or ten minutes tAvice a day. This tentatiAm knee exercise was made a sideline

to quadriceps drill, in the belief that static contraction of the quadriceps could free the

muscle fibers from adhesion to the fracture site. These contractions affected the Ayhole

extensor apparatus, from the muscle fibers to the lateral expansions of the joint capsule.

The results of this series are indicated in Tables II and III. The average age of the

patients aa^s 26.5 years. Clinical union of the bone Avas detected, and motion of the knee

Avas started at the average time of ten and one-quarter AA'ceks. The average range of motioi

of the knee after tAA'ehm months Avas 121 degrees. In those cases in which the range ol

motion Avas knoAvn at six months after fracture (tAA^enty-seven cases out of the thirty-four)

there Avere tAventy-three patients (85 per cent.) AAdio had 90 degrees or more.

EARLY KNEE MOA'^EMENT AND FRACTURE UNION

It is one of the claims of those aa'Iio believe in starting early motion of the knee aftei s

fracture of the femur that union of the femur is thereby stimulated. It is certainly tuie

that early union by this method is more obAUOus than in methods employing splints,

cause the limb can be readily tested for union day by day. .

In Tables II and III, shoAAung'the cases in AAdiich loie knee moAmment aa^s alloAAe

Avould be difficult to imagine that early movement could consistently produce cinio

union at a significantly earlier time.

A HYPOTHESIS OF KNEE MOAmMENT

Sufficient evidence concerning the behavior of the knee after fractures ^

of the femur has been advanced in the preceding paragraphs to Avarrant the a eia

bring them together into a tentative hypothesis.
/]epei«'-

It Avould appear reasonable to suggest that the ultimate range of knee mo ion

upon tAvo factors: a mechanical factor related to mobilization by physical '

biological factor relating to the amount of scar tissue produced in the qua ncep •

* The method used for knee mobilization uas simple in the werruntied, nh s'W;

of the nliA’^siotherapist in attendance. The fixed traction cords of the Thomas
. ,, thekff

were removed from behind the leg distal to the knee, and, Avith the
a few times, a"'’ /(j"

Sv lOAvered until the foot touched the bed. This movement Avas the foot o

fhftLcZTcor'ds Avere retied and the slings . As this tedm ft
Thomas splint Avas raised. There would have been risk gpi,nt at thee

if the masseuse had not been trained m retying. the traction cords and leaaj & , ,
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Fig. 1

surgeiy upon the femur, the incision may be packed open; or it ma}"- be partly or completel}'-

closed. The muscles fall together after the retractors have been removed, so that only

skin closure is necessarj’'. The fascia will repair itself.

In the experience of the Orthopaedic Service of the Twenty-third United States

Army General Hospital, in treating 221 compound battle fractures of the femur-, the inci-

sion was utilized either initially at the Forward Hospital or the Evacuation Hospital, or

during reparative surgeiy in ninety-three cases. It was found that the approach gave easy

access to the entire shaft of the femur. In several cases, the wound was so extensive, from

the gluteal fold to the femoral cond3''le, that the entire shaft was exposed at once. Profuse

bleeding, which is prevalent with the anterolateral incision, was never encountered, as onty

minimum division of muscles was necessaiy. The first, second, and third perforating

branches of the profunda femoris arteiy were easity clamped and tied as the3'^ passed from

the short head of the biceps femoris to the vastus lateralis.

When internal fixation was done, I'eduction and alignment were facilitated b3" the

presence of the linea aspera and the flat surface of the femur, so that one plate with a trans-

fixion screw, as recommended b3’' Murra3-, or two plates at right angles, could be used.

Adequate posterior dependent drainage of the fracture site was usuatl3'^ established, except
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The biological factor governs the complete removal of the temporary tissues of repair.

In some cases the temporary tissues of repair are converted into permanent fibrous scar

tissue. Such a process causes tethering of the surrounding muscles. This almost invariablv

follows when there has been sepsis; but the healing of a closed fracture should leave no
permanent scar tissue.

It has been the writer’s constant observation that, when the femur reveals a notice-

able absence of bony callus in the roentgenogram at about six weeks, there will always ben

threat of limited knee motion, even if the femur is being treated on an apparatus permitting

knee exercise. This observation is interpreted as indicating that the provisional callus,

failing to become bony callus, is attempting to effect a union of the femur by permanent

scar tissue and, in so doing, involves the adjacent muscles in the adhesive process. The

production of large amounts of permanent scar tissue around closed fractures will onlj' be

explained when the intimate nature of delayed union is understood.

contrast, it has been the constant observation of the writer that femora which

show bony callus at from three to four weeks will unite early, and that eventually there

will be perfect motion of the knee. Profuse bony callus appears to result in much less ad-

hesion of the quadriceps than the radiotran.slucent scar tissue, which presumably is

present when bony callus is deficient.

When fibrous tissue is produced in the tissues surrounding a closed fracture, it is

possible that the liberation of muscle fibers by mechanical movement is a futile hope.

There is some collateral evidence to suggest that passive motion in these conditions may

even be harmful. When myositis ossificans develops near a fracture site, it is well known

that the best chance of securing a u.seful range of motion in the associated joint is by

limitation of exercise. Pa.ssive movement in these cases can increase the area of the patho-

logical process in the muscle fibers.

CONCLUSIONS

1. Evidence has been produced to show that adhesions in the quadriceps may be the

primary cause of knee stiffness after fractures of the shaft of the femur.

2. The recovery of perfect knee movement after a fracture of the shaft of thefemui

depends upon the complete absorption of scar tissue invohdng muscle at the fracture site.

3. The production of scar tissue around a fracture and the involvement of the sui-

rounding muscles is a biological process, related to the healing pow'er of the fracture an

unrelated to early mechanical knee motion.

4. If the fracture of the femur shows clinical union in eight wmeks, final knee motion

will be excellent even if the knee remains fixed throughout treatment. Scar tissue in t ese

cases is minimum, and bony callus is plentiful. , ,

5. If the fracture of the femur shows delayed union, it is doubtful whether mec

knee movement will prevent considerable permanent knee stiffness. In these cases,

callus is scantyq pei’manent scar tissue is plentiful, and quadriceps tethering occuis.

Note; The author takes pleasure in acknowledging his indebtedness to Professor to

constant encouragement and advice, particularly during the writing of this paper. Me
of the

Professor S. L. Baker, Department of Pathologj’-, University of Manchester, with whom d

utmost value on the healing of fractures have been held.
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KNEE MO\'EiMENT FOLLOWING FRACTURES OF THE FEMORAL SHAFT *

BY JOHN CHABNLEY, F.B.C.S., MANCHESTER, ENGLAND

In this ijapor an attempt has been made, bj'^ clinical inference, to examine the subject

of knee stiffness following a fracture of the shaft of the femur.

In the past, it has been customary to regard the maintenance of knee movement after

a fracture of the femur as a simple mechanical problem. Evidence suggests, however, that

knee motion after such a fracture depends only in part upon simple mechanical factors;

and that the key to perfect joint function Avill be found only when the key to early bony

union has been discovered.

A mechanical barrier to knee motion following a fracture of the shaft of the femur can

involve three structures,—the articular surfaces of the joint, the capsule of the joint, and

the extensor apparatus of the thigh (Fig. 1). In a severe case of long duration, probably

all three sites may be involved simultaneously.

Fig. 1 Fig. 2

Fig. 1 : Showing mechanical barriers to knee motion.
A: Illustrates the orthodo.x conception of the usual cause of intractable knee stiffness after a fracture

of the femur. Extra-articular adhesions are known to exist, but are regarded as of secondary importance.
B: Illustrates the author’s conception that the “master adhesions’’ lie in the quadrieeps and that the

intra-articular adhesions are secondary, both in development and in importance.

Fig. 2 : Illustrating the difference in knee stiffness after fractures of the fibula and tibia in comparison
with fractures of the femur.
A: After six months’ fixation for a fractured tibia, no stiffness of the knee results.

B: After fracture of the femur, the knee may be very slow to recover movement, if it has been fixed
in plaster for three or four months. This is not so much the effect of the fixation on the knee as the result
of fibrosis in the quadrieeps which, in turn, is dependent upon the biological conditions for bony union
of the fracture.

EVIDENCE FOR EXTRA-ARTICULAR ADHESIONS

The following evidence is given in favor of the theory that limitation of knee motion
following a fracture of the femur is caused by extra-articular forces.

1 . Comparison with Fractures of the Tibia and of the Fibula

In the treatment of fractures of the tibia and the fibula, it is not uncommon to fix the

knee in plaster for six months or more, and yet little or no difficulty is experienced in

achieving 90 degrees of motion at the end of a few weeks, and even full range is often

secured within the same length of time.

It is possible to explain this difference in behavior in the knee joint, because in the

case of the femur there might be involvement of the quadriceps femoris in scar tissue,

whereas in a fracture of the tibia the quadriceps femoris is not involved (Fig. 2).

2. Injuries of the Knee Joint Unaccompanied by Fracture of the Femur

When immobilization in plaster is used for three or four months, the recovery of knee
mobility after severe injuries to the ligaments of the knee is often astonishing. Sir Robert
Jones has commented upon the good knee motion which is usuallj’- attained in cases of

BilSOcl oil Hunt 07*1 nO T.ootliro oo in in
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One of these difficulties is presented by removal of cartilage fi-om the head of the
femur and from the acetabulum to obtain contact of bone with bone. This reduces tlic

size of the femoral head and increases the size of the acetabulum, often producing gios<

disproportion, ivhich contributes to instability and rotary movement of the joint, ml
prevents its satisfactory fusion. When internal fixation is applied, however, without aiiv

intra-articular procedure, the joint may be fixed in malposition, perpetuating the ci^

formity and requiring additional surgical ti-eatment.

The authors have been attempting constantly to devise a procedure which would take

account of the foregoing difficulties, and would fulfill other desiderata in connection with

the relief of pain in the hip bj'’ arthrodesis. The following factoi's were considered im-

portant: (1) The operation should be performed in one stage, in order to reduce the surgical

hazards and the expense to the patient. (2) The adduction and flexion deformities should

be corrected before application of internal fixation. This should be done, if possible, with-

out dislocation of the hip, in order to minimize shock. (3) The cartilage on the head of the

femur and that lining the acetabulum should not be removed and discarded, since this

leads to instability of the joint and dela}'^ in bridging of bone across the joint, despite the

bone contact so produced. (4) Internal fixation with a nail should be used to avoid im-

mobilization in plaster, and to lessen the risk of complications and the length of time

spent in the hospital. (5) A graft should be used to increase stability and ensure fusion of

the joint.

The following technique has been developed to satisf}'^ these conditions. It combines

the adimutages and avoids the disadvantages of other procedures, and is productive of

excellent clinical results.

TECHNIQUE

The hip joint is exposed by a Smith-Petersen incision. In the first operations per-

formed with this technique, the distal end of the incision was extended laterallj' to allow

exposure of the subtrochanteric region. This required considerable dissection of tissues, so

that, in later cases, it has been found preferable to make a second small lateral incision foi

insertion of the nail.

With the special curved chisel devised for arthroplasty bj'" Smith-Petersen, the

fibrous union between the femoral head and the acetabulum is broken up and the cartilage

oh both surfaces of the joint is thoroughly laminated. This allows correction of adduction

and flexion deformities, and roughens the cartilaginous surfaces. If the joint has ee

sufficieiitty freed bj'^ this method, it is possible to manipulate it without dislocation o ic

femoral head, so as to achieve the ideal position, which is flexion of 30 degrees, abductioi

of not more than 5 to 10 degrees, and slight external rotation (about 5 to 10

The secondary incision is then made; and the femur is nailed to the ilium
,

of a Vitallium or steel nail, about five and one-half or six inches long, under men

graphic control. The nail is driven through the neck and head of the femur an

the expanded thick area of the ilium, over the superior roof of the acetabulum. ®

authors ° have noted, one may encounter difficulty in driving the nail into t ie

bone in the acetabulum'. The procedure is facilitated if that portion of the

laminated with the chisel at the time the femoral head is being freed from the
^p|. gf

The fact that the nail is hard to driAm into the acetabulum makes the hea an

the femur ride down on the nail during its 'insertion,, so that special ^
®

^ jg/inall}'

to see that thorough impaction of the joint has been accomplished, before e n

driven in. It has been found advantageous to -tap the impactor and tie na

until the nail is finally placed. . .
.

_ _

A block of bone is removed from the anterolateral surface ot t
j],e

head and from the acetabular margin, forming a slot, into nffiich a gia
q^gproce-

ihum is fitted like a key. The graft is then thoroughly impacted in its bea,__^
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'J'ABLli I

R WOK OF Knee Movement at Six and at Tveeve Months afteu Feactuhe of the Femeh

IN Reevtion to Clinicae Union

Time of Union

(ircrAi.s)

Knee Range at Six Montlis

(Degrees)

Knee Range at Twelve Montlis

(Degrees)

Before Eight

G 145 150

S 90 120

G 90 120

G 120 150

S 100

G 120

6 120 150

G 150 150

G 120 135

3 90 135

6 120

S* 135

7* 110 120

S* 110 120

6* 120 140

S* 120

s* 90 120

s* 120

s* 110 120

s* 120 120

Averages 6 8 114 1 129 1

After Eight TFccA's

14 30 90

16 90 120

12 90 135

32 120

10 90 90

20 . . . 80

24 . , . 120

12 150

10* 120 135

10* 90 90

13* 45 110

9* 120 135

16* 50 100

16* 20

Averages 15.3 74,0 113.5

* Denotes fi'actures which are open, but without bone sepsis after one month.

UNION AND RANGE OF MOTION

Of all the factors influencing the final range of motion of the knee after a fracture

of the femur, speed of union is probablj’’ the most important. If union occurs quicklj’-,

the ultimate range of motion will be excellent, even if it has been necessaiy to keep the

knee fixed throughout treatment.

The figures in Table I were obtained from a .series of thirt3’’-four fractures of the shaft
of the femur. All of the patients selected were free from sepsis after four weeks, and were
in the age group of twentj’ to fortj'-fiA'e j-ears. Knee movement was not begun until clinical

union could be detected. Those patients who showed clinical union at or before eight weeks
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dure is completed by thoroughly impacting the hip joint again to assure a dovetailing of

the laminated cartilage. If this is accomplished, much delay in procuring firm bony union

can be avoided
;
and the patient will experience very little, if any, discomfort in the liip

joint after operation.

Shock during the operation is greatly minimized by the fact that the hip has ])ot

been dislocated. Transfusions of whole blood are used, as indicated. No plaster cast is

applied, and the patient is allowed to turn freel3^ in bed during the entire postoperative

period. The head of the bed can be raised slightl3'-, since there is fixed flexion of the hip o'

30 degrees, but undue strain should be avoided until healing has been well established

Since a cast is not used, early motion of the knee is facilitated; and the development o

stiffness in that joint is prevented. The patient can be placed face downward in bed, aiif

motion of the knee joint can be started veiy soon after the operation. Usualh"^ the authois

patients have been up on crutches in from four to six weeks; it is believed that perhaps thi;

period of confinement to bed could be reduced still further, without risk of interference witli

fusion of the joint. The amount of activit3^ permitted, hov'ever, must be governed by a

proper respect for the underbtdng principles of bone healing, which means that undue sties;

and strain should not be applied until sufficient healing has been accomplished to ensuie

union. If this precept is followed, there will be no tendency toward recurrence of the

deformit3^; and the best functional re.sult will be assured.

RESULTS

During the past few 3mai'S, this procedure has been carried out on ten patients nith

painful hips; in most of them, the disabilit3'' was caused by chronic h3’-pertrophic arthritis.

Fig. 3-A
' Fig. 3-B

^

Fig. 3-A; Case 6. Roentgenogi-cam showing old fracture of the neck of the left emur,

aseptic necrosis of the femoral head. nnpmtion
Fig. 3-B : Solid fusion of the hip joint is seen, twenty months after op .

r-rTT’ Tr,TTT.>-.T
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tuiv. tho nvorago range's wore rasppctively

129.1 degrees and 113.5 degrees (average

difference was 15. G degrees at twelve montlis).

RANGE OF MOTION AND SOUNDNESS OF UNION

The existence of some relation.sliip be-

tween sound union and recovery of knee mo-

tion is illustrated by the following experience.

It often haptiens that a patient with a

fractured femur, who has been allowed early

movement, may have attained a considerable

range of motion in the knee by the end of

three months, and by this time union may
appear to be clinically firm. If the limb is

then taken off traction and allowed to lie free

in bed, it maj’’ happen that after a feiv days

the range of motion will diminish very notice-

abljL This may occur in spite of the fact that

repeated clinical tests have failed to reveal

any of the ordinary signs of threatened angu-

lation or re-fracture (such as the reappearance of tenderness over the callus or actual

movement at the site of the fracture). This temporary loss of motion may persist for some
weeks before the range of motion eventually equals, and later exceeds, that secured while

the limb was in traction.

An example of such a result is demonstrated in Figure 4-A. The figures here were

taken from an actual case. Knee movement was started at the end of the seventh week
after fracture, the bone by that time being clinically solid at the fracture site. The range of

motion of the knee increased rapidly at fii'st until 90 degrees was reached. At this point,

clinical union still seemed sound; indeed the patient regarded his splints as futile, and
waved them around the bed by active contractions of the quadriceps. Splintage was re-

moved; the next day the range of motion had fallen to 45 degrees. This lowered range per-

sisted for about four weeks, although the limb was free to be exercised at all hours of the

day, instead of at limited and prescribed periods under supervision, as had been the regi-

men before the splint V'as removed. After the range of motion had started to improve, 120

degrees ivas attained in six months.

It is this t3q)e of case which makes the critical observer wonder whether, in an exactlj'’

controlled series, any outstanding difference in the ultimate range of the knee would be

revealed as the result of different forms of treatment. The common “hold-up”, which is so

often encountered at about the 90-degree range, tends to eliminate the difference in final re-

sults between cases in which motion was started earlyand those in which it was started late.*

RECOVERY OF COMPLETE RANGE IN FLEXION

The longer the knee joint is immobilized, the greater will be the permanent stiffne.ss.

On the other hand, very early movement does not guarantee full recovery of knee range.

In one case of a mid-shaft fracture of the femur, the knee was started on a.ssisted

movement at three weeks, in an experimental device permitting a free range of 90 degrees

while on traction (a de^nce which proved too elaborate for general routine use). The
patient secured 90 degrees of motion at seven weeks. At the end of tivelve weeks, his

fracture had united, and the splints were abandoned. He secured no more than 90 degrees
* In judging this statement, tlie clinician must guard against an erroneous general impression from the

results of early and late knee movement in an uncontrolled series. Onh" too often those cases which respond
well to early knee movement are taken as examples of that method, and ttiose cases in which early movement
has had to be abajidonedfor various complications are relegated to the class of late knee movement.

Mechanical exercise over the arc BA at or before
si.x weelcs can have no direct influence on tlie final

recovery of the range in the arc DC some six

months later. Recovery of the range DC is de-
pendent upon biological factors at the fracture site,

which determine whether the provisional callus is

absorbed completely or leaves permanent scar
tissue in the muscle.
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TABLIC II

Knee Eange in Nineteen Cases of Closed Fkacture

Patient
Age

(Fears)

Time in

Fixation

(n^cefcs)

Degiees of Knee Range

After 6 Months After 12 Months After 24 Montlis

C. 28 6 145 150 150

C. 26 8+6 30 90

C. 26 16 90 120

C. 28 7 120

D. 28 8 90 120 135

R. G. 28 6 90 120

L. G. 28 8+4 90 135

H. 24 6 120 150 150

J. 28 32 120

L. 20 10 90 90 120

M. 33 14+6 . . . 80

McL, 24 8 100

P. 41 6 120

R. S. 19 6 150 150 150

L. S. 19 6 150 150 150

S. 24 6 120 135

G. S. 20 3 90 135

U. 41 24 120 120

w. 37 8+4 120 150 150

Averages 27.0 11 108 123 135

TABLE III

Knee Range in Fifteen Cases of Compound Fracture without Sepsis

Patient
Age

[Years)

Time in

Fixation

(TFeefcs)

Degrees of Knee Range

After 6 Montlis After 12 Months After 24 Months

B. 22 8 135

C. 34 7 110 120

C. 26 8 no 120 135

C. 21 6 120 140

D. 28 10 120 135 135

D. 23 10 90 1 90

H. 23 8
K. 28 8 90

P. 29 13 45 no
P. 20 5+4 120 135

R. 25 8 • . . 120

S. 32 16 50

S. 24 8 110

s. 22 16 20

T. 25 8 120 135

Averages 25.5 9.5 92 124

The mechanical factor is obvious. It is the freeing of muscle from involvement in

callus by simple mechanical movement. Some other factor must be present in addition to
the simple mechanical factor, however, because earlj"^ knee motion does not always.result in
a perfect knee, and, on the other hand, late knee motion can often produce a mobile knee.

^
,

• ... .





ARTHRODESIS OF THE HIP JOINT IN DEGENERATIVE ARTHRITIS

A Modified One-Stage Procedure with Internal Fixation

BY JAMES A. DICKSON, M.D., AND LEON J. WILLIEN, M.D., CLEVELAND, OHIO

From the Cleveland Clinic, Cleveland

The general consensus'*'^'®'*’ among orthopaedic surgeons who have experimented

with various surgical procedures for the relief of painful hip joints in degenerative arthritis

is that arthrodesis is the most satisfactory method; but the operation has presented

certain difficulties and hazards that have tended to limit its application in practice.

During the past decade, there has been increasing interest in the surgical treatment of the

hip, stimulated in large part bj’- Smith-Petersen’s work on acetabuloplasty and arthro-

plasty. This has furnished a valuable contribution in this field, and has yielded more

flexibility in choice of procedures for surgical treatment
;
but it has also led to the realiza-

tion that mobilit}'- of the joint does not alwa3'^s solve the problem or afford the patient the

desired relief. When there is bilateral hip involvement, and in numerous other cases,

maintenance or increase of motion may be desirable; but there remains a certain group of

cases, particularly those with one painful hip resulting from degenerative arthritis, in

which relief of pain is the prime or sole purpose of treatment, and this desired result can be

achieved only by fixation of the hip joint in the best possible position for function. The
technique described here has been developed especially for the management of such cases.

In addition to the fact that successful arthrodesis has not been obtained in all cases in

which it has been attempted b}'' other procedures, the main disadvantages of these opera-

tions have been: ( 1 ) The procedures have been formidable and time-consuming, often

productive of severe surgical shock; (2) they have required long periods of immobilization

in plaster casts, presenting the serious hazard of postoperative complications in the elderlj"-

patient; and (3 ) they have involved great financial expense.

Older methods of hip fusion usually consisted in removal of cartilage and fibrous

tissue from the joint; the3'' required disarticulation, with insertion of some type of intra-

articular or extra-articular graft, followed b3'- external fixation in a plaster spica until

fusion had been secured. When the joint cartilage was not removed, the hip was fused

with a graft; and any deformit3^ present was retained or had to be corrected b3'' a secondary

osteotomy. Although some orthopaedic surgeons ® still use these methods, there has

been increasing interest in the application of the principle of internal fixation, first made
popular by Watson-Jones. He contended that the clue to successful fusion, after the joint

has been denuded of cartilage, is control of rotary movement, a control which cannot be
assured by the plaster spica, but which can be assured by a three-flanged nail driven from
the femur into the pelvis. In addition, he applied a plaster spica, and kept the patient

immobilized for three months. At first he performed the operation in one stage, but this

proved too formidable, especiall3" in elderly patients, so it was later done in two stages, ivith

insertion of the nail and application of plaster ten to fourteen da3'^s after the intra-articular

procedure.

The Watson-Jones operation has been adAmcated as the procedure of choice b3'

Campbell and Haggart. Numerous modifications of this technique, using internal fi.xation

with a metal nail, with or without additional bone grafts, and with or Avithout disarticula-

tion and remoA^al of cartilage from the joint, haA-^e been adA^anced during the past feiv

years by White, Harris, and Niebauer and King. In the authors’ opinion, all of these
different methods have certain adA^antages and disadA^antages, but none quite overcomes
the salient difficulties.
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joints are kept mobile, there has been no increased stiffness in the knees or other joints

during the period of fusion of the hip joint.

Although the present series of cases is not large, fusion has been achieved by tliis

simplified technique of arthrodesis in a higher proportion of instances than has been re-

ported by other authors, using other surgical methods. With earlier techniques and the use

of external fixation, failure or incomplete fusion occurred in as many as 50 per cent, of the

cases in some series. The results achieved with various techniques emplo3dng internal

fixation^ have been more satisfactory in this respect, but have included some failures

to achieve bonj'- union. Furthermore, these other methods present greater surgical risk,

are more difficult to perform, usually require two operations, and keep the patient in-

capacitated for a much longer period.

The simplified one-stage procedure described here seems to recommend itself on the

basis that it embodies the best principles of the surgical techniques described previously.

In addition, it overcomes their main difficulties, corrects deformities, provides the best

possible chance for joint fusion, avoids the hazards presented by plaster immobilization,

and greatl}'- reduces the length of time spent in the hospital.
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akthuodhsis of Tiro hip joint in degenerative arthritis

Fig. 1-A Fig. 1-B

Fig 1-A: Case 2. Roentgenogram taken before operation shows pionounced arthiitis of the left hip.

Fig 1-B • Show s solid fusion of the left hip joint, five months after operation.

m
Fig. 2-A Fig. 2-B

"tj"
sho^\^ extensive lijiiertrophic arthritis of the right hip joint.

-B: Shows solid fusion of the right hip joint, three yeais aftei operation.
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CLINICAL FEATURES

Historij: The usual presenting s3TOptom of a patient with osteochondj-itis dkwsfN’
of the talus is pain and tenderness at the site of the lesion. In some cases, swelliii"- and
intra-articular effusion are present. Pain and swelling subside with rest and elei'ation of

the leg; however, tenderness usuall5'- persists for an indefinite length of time. The majoiitv

of patients give a histoiy of trauma. In some cases the injuiy is relativel}^ mild; some pa-

tients give a history of repeated minor trau-

mata; and in a few cases there is a histoiy

of direct trauma across the dorsum of the

foot and ankle. Patients usually present

themselves for examination because of

chronic ankle pain or fatigue; and in some

instances the lesion is found during roentgeno-

graphic examination for an acute sprain of

the ankle.

Physical Examination: Plysical examina-

tion maj'^ or may not disclose swelling, depend-

ing upon the stage of the lesion. In early cases,

swelling is absent. In the long-standing case,

however, chronic oedema and periarticular

thickening may be present. -There -is usually

local tenderness, at times exquisite, at the site

of the lesion. There are no signs of inflamma-

tion. Limitation of motion, locking, insta

bilit}', giving waj’", or palpation of a loose bod.\

is dependent upon the stage of the lesion, ami

maj'’ be present in the advanced case. Joint

motion is usually within normal limits, and phj’-sical examination in early cases nia)'

be remarkable chiefly'- because of its negative findings.

LABORATORY DATA

In this series of cases, blood studies, including the sedimentation rate, calcium and

phosphorus determinations, serological tests for syphilis, and the usual determination^

of red cells, white cells, and hemoglobin, were all within normal limits. Urinafi'ses,

eluding tests for Bence-Jones bodies, were negatiim. Cultures taken from the site of t ic

lesion at the time of operation were all negative, when grown both aerobically and anaeio

bicallyL

Fig. 1

Case 1. Anteroposterior roentgenogram sJiows
a moderatelj' advanced lesion of osteochondritis
dissecans, involving the superomedial articular
surface of the talus.

ROENTGENOGRAMS

Although roentgenographic examination is the principal method of diagnosis, lout^^^

anteroposterior and lateral views often fail to demonstrate the lesion. This failuie is

ably due to The fact that the superolateral; or medial pole of the talus, which is t

site of the lesion,- may^ be hidden by'- the superimposed lateral or medial malleo im.^

ever, careful oblique projections will demonstrate the lesion (Figs. 2-A, 2-B, an

4-A to 4-E, inclusiveb
'

'

, located on

In eleven of the fourteen cases studied by'- the authors, the lesion vas

the medial border of the superior articular surface of the talus, while in tie

three it was located on the superolateral articular surface. Mensor and Me o

the use of tomography in making the diagnosis. However, this
obliqim

special equipment; and the authors feel that careful anteroposterior, lateia ,

roentgenograms are sufficiently accurate to suggest the diagnosis -inthou

for special equipment.
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The clinical dal a in these cases are summarized in Table I. All but three of the patients

were fifty yeai's old or over; five were men and five were women. There have been no

postoperative complications, and complete fiusion of the joint has occurred in all cases

(Fii>s. 1-13, 2-B, 3-B, -I-B, 5-C, and G-D). In one iirstance (Case 1) the authors had made

two unsuccessful attempts at fusion of the joint by insertion of a graft and external fixation

in plaster, a year and two years previously. Adduction and excc.ssive flexion deformities,

present before operation, have been overcome (Figs. 6-A and 6-B) in all but one instance,

in which slight adduction jicrsists (Case 6). This apparently was due to insufficient

correction at the time of operation.

DISCUSSION

Some authors'* have emphasized that it is at times difficult to persuade patients

to submit to arthrodesis of the hip, since they object to having a permanently stiff joint.

Tlie authors liave not encounlci'cd such objections in tlieir patients. In most cases, the

joint is almost completely ankylosed anyway; but the patients have pain because some

movement is retained and because the joint is fixed in a bad position. We find that thej''

are so anxious to have their pain relieved that they are not unduly concerned about

acquiring a stiff joint in the process. The point has also been made that, if there is pain or

other evidence of arthritic involvement in the spine, the hip fusion will not be successful in

relieving the pain. In several of the authors’ patients, correction of the flexion-adduction

deformity of the hip joint apparently contributed also to relief of pain in the back, which

had been present before operation.

With the technique described, no serious surgical shock has been observed. Ihe

patients have been comfortable after operation, and no complications have developed.

Since movement in bed is possible throughout the postoperative period, and the knee

Fig. 4-A Fig. 4-B

Fig. 4-A: Case 7. Roentgenogiam shows low-giade infectious arthritis of the right hip.
Fig. 4-B: Shows solid fusion of the hip joint, thiiteen months aftei opeiation.

VOI, 2') VO 1 T • Y IQI? .
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and, in advsRmi-cases, is necrotic. Morton and Ciysler, in discussing' osteochoncirit

di^Blirof the supratrochlear septum, considered the microscopic pathological appe.ii

tince to be that of necrosis with foreign-body giant cells and low-grade aseptic inflamni;

tion. The authors have found no evidence of inflammation in any of their cases.

TREATJIENT

In the early cases, in which the lesion is disco'\’'ered accidental^'- and no definit

symptoms are referable to the site of the lesion, operative intervention should be delayc

until symptoms develop, or until roentgenogi-ams demonstrate unquestionable progi-es

sion of the lesion. When the diagnosis has been established and the patient is bavin

symptoms referable to the site of the lesion, surgical intervention is the only satisfactor

method of treatment. Cases of spontaneous healing of the lesions of osteochondritis dis

secans have been reported, but the authors agi-ee vdth Cohen that they probably reprc

sent healing of an osteochondral fracture rather than true osteochondritis dissecans.

OPERATIVE TECHNIQUE

Surgical Approach: The particular surgical approach to be used is necessarilj' deter-

mined by the location of the lesion. If the lesion is on the superomedial aspect of tin

talus, an anteromedial incision may suffice. However, in some cases the lesion may be

hidden completely by the medial malleolus; and exposure of the site of the lesion maybe

extremely difiicult, if not impossible, through an anteromedial incision. In this type of

case the authors have employed a modification of the approach first described by Kbnig

and Schafer. In the modification of this method, a straight anteromedial incision is made

just anterior to the medial malleolus. Tlu-ough this incision the joint maj'- be opened, and

an estimate of the availabilitj'- of the lesion can be made. If the lesion cannot be reached

tlu’ough tliis approach, the incision is extended in a cinved fashion around the tip of the

malleolus
;
the malleolus is then e.xposed and an osteotomy is performed across its base,

care being taken to avoid trauma to the posterior tibial tendon, vessels, and nerve. The

authors have found it -I'eiy convenient to first place a drill hole obliquely from the tip o

the malleolus into the body of the tibia, prior to osteotomy. This method gi’eatly faci >

tates the anatomical repositioning of the fragments at the completion of the procedure,

when the malleolus is replaced in its normal position and held by means of a single sere".

After- osteotomy of the malleolus, sharp eversion of the foot brings the lesion on the supero-

medial aspect readily into view. The standard anterolateral approach is used for exposure

of the lesion lying at the superolateral pole of the talus; or, if the site of

should lie more posteriorlj'", as was the situation in one of the authors' cases, the pos

lateral incision may^ be used to good advantage. Waring has e.xperienced difficulty iR

exposure of a lateral lesion through an anterolateral approach, and concurs "u

authors in the opinion that the approach described by’- Gatellier would be use u

type of lesion. When this approach is used, an osteotomy’- of the fibula is came o«^

proximately^ tlmee inches above its distal end. The distal ligamentous ^
tlic

preserved; but the fibula is otherwise stripped of soft-tissue attachments, me iK

^

distal portion of the tibiofibular ligament. The distal portion of the fibula is t len

distalh’-, thereby exposing the lateral compartment of the ankle joint m

fashion. After completion of the procedure, the fibula is replacedin its norma

is fixed to the tibia byLmeans of a single transversely placed screw, the so n
in

sutured in their respective laymrs. The authors have employed this met lo "i

the open reduction of comminuted fractures involving the medial ma
“^bj^g]]eo).ir"

malleolus, and the posterior lip of the tibia at the ankle (the
gns of d*'’

fracture), but have not employed it in the exposure of V ^ of
theteraf^''

talus. Should the lesion he posteriorly, the posterior approach wit e ^orf

calcaneus may be used. Because the osteoplastic and tendoplastic pro

Avn
rpV

r»Tr r>v
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Fig. 4-C

Fjg. 4-A : Case 7. Anteroposterior roent-

genogram, shofl-ing questionable lesion at

the supeiomeclial articular suiface of the

talus.

Fig. 4-B: In the lateral view, the lesion

cannot be seen.

Fig. 4-C: The lesion of osteochondri

dissecans is cleaily demonstrated in t

oblique view.

CASE REPORTS

C^SE 3. This patient, a white ma

Army mess officer, tv enty-seven years oh

complained of pain about the left niedi;

malleolus, which had been present intei

mittently for approximately three .years

The patient recalled no single incident o

trauma to either ankle, and had gon<

through the Aimy^ Air Forces Olliccn

Training School vdthout much difficult}.

He did, however, give a history of fieguent

minor or moderately severe sprains of each

ankle. Phj'sical e.vamination was not re-

markable, except for slight snelling owr

the anteromedial portion of the left an c

with slight tenderness over the talus, ju'

lateral to the medial malleolus. Jointmotion was normal, not crepitant, and not painful. On roentgenograp ic

examination of the left ankle, the lesion of osteochondritis dissecans, involving the superomedial aspcc

the talus, was discovered. Roentgenograms of the right ankle, taken for comparison, demonstrated an > ca

tical lesion at the same site as that present in the left ankle (Figs. 3-A and 3-B). The condition was de»Tr;

to this patient-and operative intervention w'as suggested; but, since he felt that he was not haidng

trouble with either ankle to justify an operation, he was treated conservatively with ankle

ph3^sical therapy. His condition was followed for approximately six months after 'the diagnosis

made; when last seen, he was continuing to have pain in the left ankle with slight swelling, but no symp

referable to the right ankle.

Case 6. This patient, a radio operator, thirt3^-four years of age, gave the historj'^ of haying

ankle give waj’- when he arose from a chair, twent5^-tw'o months prior to the first e.xamination.
^

after this incident, the ankle was swollen and painful on the anteromedial aspect. p^e-cnf

his local physician, were reported to reveal “a hole in the bone, but no fracture”. Since the onse
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subchondral osseoussuiface (center) of osteochondral loose fragment. Edge-ioeivof fragment showing articular cartilage of approvimately
«;,aciAcwdS

Fig. 3

Case 9. Oblique roentgenogram shows a large well-
advanced lesion of osteochondritis dissecans, invohinE the
superomedial articular surface of the talus, Xote loo'=e-bodv
formation, captation, and sclerosis of bone at perinherv of
excavated area in talus.

incision. The postoperative course was uneventful. A follow
the militant circumstances involved.

osteochondral fragment was removed: and
the base of the defect was saucerized. The
osteotoimzed medial maUeolus was replaced
by means of a single obliquely set Vitallium
screw (Figs. 4-D and 4-E). The ankle was
immobilized for three weeks in a plaster-ol-
Paris boot cast, after which a plaster-of-
Paris walking boot cast was applied. The
cast was removed six weeks after operation,
and the patient was allowed to walk nitli a

’

adhesive strapping on his ankle. E^cept ft

some stiffness and swelling, subsequent t

immobilization, he had no pain or tendei

ness about the ankle, and stated that tlicr,

was no tenderness at the site of the lesioi

such as had e.xisted prior to operation.

This case is too recent to permit a raon

adequate follow-up. Microscopic evmiina-

tion of the specimen removed (Fig. f-F)

showed fibrillation of the articular cartilage;

the bone suiface was of decreased vascular-

ity, although not completely necrotic. The

pathological diagnosis was "osteochondral

articular loose bodjq secondary to osteo-

chondritis dissecans of the astragalus".

Case 9. This patient, a German pri-

sonei of war, twentj'-one 3’ears old, gave a

histor}^ of having had a tree limb fall across

the dorsal aspect of his left ankle wliile he

was under shell fire, ten months before ad-

mission to the hospital. For three woel

after the injur}' he had a painful swelling <

the ankle, which gradual!}' subsided. FoUoa

ing subsidence of the acute traumatic reac

tion, he had only occasional twinges of pan

in the ankle until two months before admis

sion, when he began to have increasing pak

and swelling. Physical examination showee

moderate swelling about the ankle, "itli

fairly diffuse tenderness over the anterior

portion of the ankle. Roentgenograms di-

closed a large excavated defect at tie

superomedial pole of the talus; in this defect

was a large loose body of increased densi y

(Fig. 5).

On August 28, 1945, an arthrotoni

was performed, and the loose bod)

readily removed through an anterornc J-

up study of this case was impossible, became

SUJIMARr

In this series are presented thirteen cases of osteochondritis dissecans of the

of which showed bilateral symmetrical involvement of the ankle (Table I),

patients were males and one was a female; all were white. The occupation of the indiu u*

apparently had no relation to the onset or causation of the condition.

Trauma is a major etiological factor, although in this series four patients

history of ankle injuiy. Seven of the patients had had either severe sprains or

sprains of the involved ankle; two patients had had du-ect trauma. The duratiw o

toms ranged from two months to four 3'ears,.the average being 21.4 m9nths.
m



OSTEOCHONDRITIS DISSECANS OF THE TALUS

BY 11. BKVHlUiKY RAY, M.D., MICMPHIS, TKNNBSSKE, AND

EDWARD J. COUGHLIN, JR., M.D., AVILLTAMSTOWN, MASSACHUSETTS

The aseptic sepanilion of a fragment, of articular cartilage, Avith or without sub-

chondral bone, known as osteochondritis dis.secans, although more common at the knee,

may inA’olve any joint. Cases liaA'e been reported of lesions inAmhung the shoulder, the

elbow, the hip, the wilst, the metatarsophalangeal joints, and the ankle

IiiA-olvement of the ankle is usually in the trochlear portion of the talus, and has been

considered very uncommon. Sporadic cases of osteochondritis dissecans of the talus have

been reported; in 1941, Mensor and Melody reviewed the literature on the subject and

reported one case, Avhich Avas the tAventieth case reported up to that time. Since then,

four additional papers, reporting a total of nine ncAv cases, haA'-e appeared in the litera-

ture ’• In addition, the authors haA'-e found a report made bj'- Schnaberth in

1939, in AA’hich a case AA'ith e.xtensive inA'ohmment of the talus AA'as described. In AueAv of

the fact that, during the past four years, the authors haA’-e been able to collect a series

of thirteen patients Avith fourteen ankles inAmh'^ed, and have discovered three additional

cases through personal communications, it is felt Avorth Avhile to report these cases and

to discuss the condition in some detail.

ETIOLOGAT

Although the disease noAv knoAvn as osteochondritis dissecans Avas first described

by Monro in 1738, the causative factor or factors have been obscure and, in consequence

thereof, the theories as to etiologj’’ are numerous. Konig described this condition in 1887

and stated that, Avithout injury, fragments of various sizes become separated from the

joint ends in consequence of a process as yet unexplained. In 1905 he gaA'^e the condi-

tion the name by Avhich it is noAV generally knoAAm. Wagoner and Cohn, in 1931, thor-

oughly revieAved the theories of etiology of osteochondritis dissecans, and suggested the

possibilitj' that heredity or congenital factors Avere of etiological importance. Bernstein,

in 1925, considered the lesions to occur in indhaduals congenitally predisposed to aseptic

separation of an articular osteocartilaginous fragment. CouAvay, in his discussion of the

condition in 1937, mentioned embolism of the epiphyseal arteries, a loAA^-grade infec-

tious process, and a congenital excessNe brittleness of epiphj’-seal bone, leading to sub-

chondral fracture, as possible non-traumatic etiological factors. He, hoAA^ever, discounted
these factors in faAmr of trauma, CAmn though mild, as the causatwe agent. Monro origi-

nally felt that the appearance of loose bodies Avithin a joint Avas due to trauma; and Ax-
hausen, in 1912, proposed the theory that, as a result of impaction from the opposing artic-

ular surface, the blood A’-essels to the part are damaged, either AAdth or Avithout partial

fracture, according to the seA^erity of the violence. This leads to necrosis of the area sup-
plied bj'^ the damaged A'^essels; and as a consequence there forms a zone of absorption, re-

sulting in gradual separation and eAmutual extrusion of the dead portion of the articular

surface into the joint.

Fairbank believed that trauma, pure and simple, AA'ithout Amscular disturbance, is the
sole etiological agent. Mercer supported this AueAv, stating that, because of the rich blood
siipply of the subchondral bone, a Amscular disturbance AA'ith aseptic sequestration of an
osteochondral fragment is unlikelj'’.

The authors are of the opinion that the condition is due to trauma—either a single
recognized episode or repeated minor unnoticed traumata—AA’ith localized A’ascular dimi-
nution, leading to aAmscular separation of the loose fragment of cartilage and subchondral
bone.
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aspect of the talus and negative roentgenogi-aphic findings, should be folloived carefully

since subsequent roentgenograms maj’- disclose the lesion.

Burr, in 1939, and Stein, Ikins, and LouTjq in 1944, stated that the “characteristic’

location of the process in the talus is at the superomedial pole of the articular surface. Thf

authors’ finding of eleven lesions at the “characteristic” site and three lesions at tht

superolateral pole would indicate that, although found more frequentlj’- in the superomedial

location, lesions do occur at the superolateral pole of the talus. Therefore, no one site

should be designated as “characteiistic”.

Various writers, including Wagoner and Cohn, Blanco, and others, have stated that

the lesions of osteochondritis dissecans are usuall}’- monarticular; and that, when more

than one joint is involved, the lesions are likelj’’ to be bilateral. Case 3 in this series tends

to confirm the opinions of these umiters. In the case reports available, the authors have

been unable to locate a previous case uith bilateral involvement of the talus.

Treatment should consist of excision of the loose fragment and saucerization of the

remaining defect in the articular surface of the talus. The surgical approach to the ankle

joint should be considered carefully, and should be chosen only after roentgenographic

fitudj'' and determination of the exact location of the lesion.
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PATHOLOGICAL FINDINGS

The patholog,ical liudins^s in osteochondritis dissecans of the talus arc similar in all

respects to those found in osteochondritis dissecans of the knee or of any other joint. The

gross appearance is, of course, dependent upon the stage of the lesion, and may vary from

a cartilage of normal appearance with slight chondral softening and discoloration over the

site of the lesion to an actual defect in the articular surface of the affected bone, with an

osteocartilaginous loose body lying free within the joint. At the usual stage at which the

lesion is seen, there is a yellowish discoloration of the cartilage over the site of the osteo-

Fig. 2-.4 Fig. 2-B

Case 2. Roentgenograms show lesion of

osteochondiitis dissecans on the supeiolay
eral aspect of the talus, adjacent to the
lateral malleolus.

Fig. 2-A: In the anteropostei ioi view the
lesion may be seen, but is paitially hidden
by the lateial malleolus

Fig 2-B; In the lateral view the lesion

cannot be demonstrated.
Fig. 2-C: The location, si,5e, and extent of

the lesion can best be demonstiated in the
oblique view.

chondral fragment; softening of this

area readilj’' demarcates the periph-

eiy of the lesion. Upon incision of

the cartilage at the circumference of

the lesion, the involved portion usu-

alty becomes separated verj^ readily

from the bodjr of the talus, leaving a

somewhat sclerotic-appearing exca-

vated base. In the moderately ad- 9_q
vanced case, there is frequently an

overhanging cartilaginous lip; but, if the process has progressed to the point of sepaiation
of the loose fragment, the base may be saucerized spontaneously. The loose fragment is

covered by smooth articular cartilage on one surface, and there is a thin la3’’er of sub-
chondral bone beneath the cartilage. Microscopic examination discloses a viable, althougli
somewhat fibrillated, lyaline cartilage; the subchondral bone is of decreased vascularit3'
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Fig. 2-A '

Case 1, M. W. Roentgenogram of fiacture at time of admission. Line of fracture is seen to evfend

upu'ard in axis of neck of femur, midway between lesser and greater trochanters. This is tlie exact

rex’-erse of the so-called mteitiochanteric fracture of the femur.

TrtM I r

p’jQ 2“B Fig. 2-G
^ jiiiv

Fig. 2-B : Shows fractui e four months later, after treatment in Russell traction. Callus orm

seen.
r-,. «. .r>. W . -I _ • _r C
seen.

Fig. 2-C: Lateral view of fracture.

vr. A^'P ^oi>7
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extensive surgery and jirolonged convalescence, the simple soft-tissue approaches are to be

preferred. However, the approach used should be determined carefully before operation

by exact location of the lesion, roentgcnographically. If the soft-tissue approach is con-

sidered inadequate, the more extensive procedure should be employed without hesitation.

Operative Procedure: In the well-established case, simple removal of the separated

fragment is all that is necessary, since the remaining defect has usually been filled in and

presents a smooth surface. The remaining defect in the talus should be saucerized if there

is an overhanging cartilaginous lip, and all loose cartilaginous fragments should be excised.

Careful exploration of the .ioint for loose bodies should be done routinelJ^

POSTOPERATIVE TREATMENT

Postoperative immobilization is dependent upon the type of approach used, and is

unnecessary unless an osteoplastic or tendoplastic procedure is emplo3’'ed. Similarly,

weight-bearing and acti^'e motion are allowed as soon as the healing of the operative

trauma permits. If a purel}’’ soft-tissue approach is used, active use of the part is usually

begun within from ten to fourteen days. Postoperative phj'-sical therapy is not required,

but whirlpool baths and super\-ised active motion may hasten convalescence.

PROGNOSIS

The prognosis in cases of osteochondritis dissecans of the talus is dependent, of course,

upon the stage of the disease at the time the diagnosis was made and the operation was
performed. In early cases, without actual separation of the osteochondral fragment and
without arthritic changes, the prognosis is excellent. If arthritic changes have developed,

or if actual separation of the fragment has occurred, there is greater likelihood of per-

manent traumatic articular damage with residual disability. It is conceivable that, should

articular damage be extensive, arthrodesis of the ankle might be required. Although thei

authors have not seen a case of such severity, an extensive case inAmlving the talus was
described by Schnaberth, who employed arthrodesis as the treatment of necessity.

Fig. 3-.A. Fig. 3-B

mo^al fuicSarSce of
osteochondritis dissecans at the supero-

r-^'
ankle, taken for comparison at time patient was examined.

T left ankle was taken because of pain and tenderness of three years’ duration,
localized just anterior to the medial malleolus.
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'it'

be obtained, because she was irrational and confused. No pre\dous histoiy of accidents or operations could be
elicited.

Physical examination showed a very thin, frail, weak woman, lying in bed in a Thomas splint.

Roentgenograms at the time of admission showed what was called by the roentgenologist a comminute
intei-trochanteric fracture of the neck of the femur, or an oblique axial subcervical fracture of the femui
The position of the fragments was good; the limb was in & Thomas splint. Her general condition was pool

Russell traction was applied for three dajm and then discontinued, because the patient became much wcakci

Because of this fact an elastic bandage was used as a spica; and on the fourth day she was put in a whee

chair, since it was felt that she would die if allowed to stay in bed. It was difficult to get her cooperation

because for over a month she was confused mentalty and, in addition, she did not understand English. Shi

was discharged with a coxa vara defo^mit}^ She wouli

not use her caliper splint, but at the end of four month

she graduall3' gained in strength and was able to wail

with a limp, using one crutch. Internal fi.vation wouh

have produced better results in this case, if it had beer

possible to get the patient's consent for such an opera

tion and her cooperation (Figs. 3-A and 3-B).

Case 3. * A. R., an Italian woman, sixty-cighi

3'ears of age, who had been troubled uith diabetes and

arthritis for several 3Tars, gave the following history:

In October 1943, while she was rising from a chair, the

patient made a slight turn; in doing so, her left lower

extremit3’’ slipped from under her and snapped.

The patient was treated b3’’ Russell traction for

three months, and during this time there was er’idence

of callus formation (Fig. 4). She also showed generalized

arthritis, which w'as especial^’’ marked in her hands and

feet. At the end of six months she was able to walk

without a brace, but she had two to three inches of

shortening of her left lower extremity, k. pressure ukor

developed over her left Achilles tendon, which had not

healed in a year.

Fig. 4

Case 3, A. R. An aty^pical reverse intertro-
zhanteric fracture. Patient was treated in Russell
fraction for three months.

One significant feature of these cases is

the fact that, in spite of the age of these

women, all showed marked callus formation.

* This case is presented through tlie courtes3' of Angelo A. Zingaro, M.D. The patient

by him in private practice, and she presented a fracture that was in many wa3j_ similar to a

intertrochanteric fracture. It was not typical, however, the fracture line extending taruier

the femur.

Osteochondritis Dissecans of the Talus
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illness, the patient had had intermittent aching pain in the ankle, not related to walking,or weight-bearing.

There was no knowr history of trauma. Physical examination was not remarkable, except for localized ten-

derness over the talus, just anterior to the medial malleolus. The results of routine laboratory studies were

within normal limits. Roentgenograms disclosed a fl.at elliptic loose bod}', lying in an excavated area at the

medial aspect of the superior articular surface of the talus.

Arthrotomy of the ankle, by the method of osteotomy of the medial malleolus,.was done on April IS,

19-14. The osteochondral loose body was removed readily; the malleolus was replaced and held with a single

screw; and the soft tissues were closed in layers. The postoperative course was entirely -uneventful. The

pathological diagnosis was "articular osteochondral loose body”. This patient was discharged from the hos-

pital on May 29, 1944, and was seen in the Out-Patient Clinic until December 1945. Roentgenograms, taken

in November 1945, showed solid union at the site of osteotomy, with no demonstrable arthritic changes being

present. On examination, the patient had a full range of motion in the ankle with no crepitus or swelling.

He did, however, complain of mild aching pain with changes of weather or after prolonged standing or

walking.

Case 7; This patient, a white policeman, twenty-eight years old, had had no trouble noth his right ankle

until May 19, 1946, when he stepped off a street car onto an irregularity in the pavement, forcefully inverting

the left foot against the ankle. On May 20, a diagnosis of fracture of the talus was made by his local doctor,

and a plaster-of-Paris boot cast was applied under anaesthesia. Tlie patient had a great deal of pain in the

ankle while in the cast and, on June S, the cast was removed, and one of the authors (R. B. R.) was called

into consultation. Examination at that time showed moderate oedema with pitting (one plus) over the dor-

sum of the foot. Marked pain was present about the anterior portion of the ankle joint, particularly on the

medial aspect, with exquisite tenderness over the superomedial portion of the talus just lateral to the medial

malleolus. There was slight pain associated with stretching of the lateral ligaments. Inversion of the foot

caused pain in the medial portion of the ankle joint, over the site of tenderness in the talus. All motion of the

ankle and toes was limited 50 per cent, by swelling; subtalar motion was approximately normal. Roent-
genograms in the anteroposterior, lateral, and oblique planes demonstrated the typical lesion of osteochon-

dritis dissecans; an osteochondral loose fragment, one by one centimeter, was lying in a defect at the
superomedial pole of the talus (Pigs. 4-A, 4-B, and 4-C). The base of this defect was sclerotic, with the
osteochondral fragment apparently lying loose in this bed. The patient w^s

^

treated by contrast baths,

elevation, and active and passive motion, nithout weight-bearing, until thSre was' no swelling about the
ankle and the circulatory status of the foot and ankle had returned to appro.ximat'ely normal.

On July 9, 1946, the right ankle joint was explored by the authors’ osteoplastic transmalleolar approach.
A typical lesion of osteochondritis dissecans was found at the superomedial pole of the talus; the loose

Fig. 4-D pjc. 4.E
Pig. 4-D. Postoperativ'c anteroposterior view, showing excavated area in talus at site of removal of

loose fra^nent, and reapposition of medial malleolus after osteoplastic approach.
Fig. 4-E: Lateral view shows screw fixation after medial osteonkastic aunronch.
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Fig. 1-A Fig. 1-B

Fig. I'A: P. Z., 1932. Preoperative roentgenogram at end of traction stage. Second operation was

performed on December 5, 1932.
Fig. I'B: P. Z., 1942. Roentgenogram ten years after operation. When last seen the patient had a

normal range of motion and no shortening. Xote restoration of the architectme of the hip joint following

ai tliroplast}'.

ARTHROPLASTY OPERATION

There have been no essential changes made in the method since it was published

riginall}’- in 1932.

The first stage consists of demonstrating that the head of the femur can be pulled

own to the level of the original acetabulum. Whether this can be done manuall}’' and

becked by a “push-pull” roentgenogram, or whether a preliminary period of skin traction

B. A., 1935. Preoperative roentgenogram. Traction was used for three weeks before the

of the operation was performed on October 25, 1935.
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TABLE I

Fin'dings lU TniKTEEN' Cases op OsTEOciioKDnms Dissecans op the Talus,

Involving Fourteen Ankles

C.1SG

No. Se.N Age Occupation History of Trauma
Duration of

Symptoms Location of Lesion

Opei-a-

. tion

1 Male 24 Soldicv Recurrent' sprains 3 years Medial (right) 'No
2 M.ale 23 Pilot Sprain 3 years Lateral (left) No
3 Male 27 Moss officer Frequent sprains 3 ycar.s Medial (right and left)

(Bilateral involvement)

No

4 Male 24 Navigator Sprain 4 j'cars Medial (right) No
5 Male 19 Militaiy police Direct trauma 2 jmars Lateral (left) No
c Male 34 Radio operator None 2 j'oars Medial (right) Yes

7 Male 28 Policeman None 2 months Medi.al (right) Yes

8 Female 26 Red Cross

worker

Severe sprain, 13

years before

2 years Medial (left) No

9 Male 21 Prisoner of war Direct trauma 10 months Medial (left) Yes

10 Male 23 Pilot Sprain in plane

crash

S month.s Medial (right) Yes

11 Male 19 Aviation

mechanic

Recurrent sjirains 1 year L.ateral (right) Yes

12 Male 24 Pharmacist None 2 yeais Medial (left) Yes

13 Male 20 Infantiyman None G months Medial (right) No

was involvement of tlie right ankle in eight cases and of the left ankle in six cases, there

would seem to be no more likelihood of the lesion appearing on one side of the body than

on the other. Of the fourteen ankles involved, three lesions were located on the supero-

lateral aspect of the talus; in eleven cases the site of involvement was on the supero-

medial articular surface of the talus. In one case tlrere was bilateral involvement, with the

lesions located on the superomedial aspect of each talus, adjacent to the medial malleolus.

In six of the cases, operation was performed. That surgical intervention was not employed
in more cases was due to several factors. Some patients did not desire operation and, since

most of these cases occurred among military personnel, surgical intervention Avas .not

emplojmd, because of existing Army regulations which -prohibited operation in' long-

standing cases.

niscussioN

The authors have rerdeAA^ed tlie literature since 19-11 on osteochondritis dissecans of

the talus. Mensor and Melodj'' in 1941 accumulated a total of twenty cases, including one
of their own. Since 1941, nine additional cases have been reported. The paucity of these

cases would seem to indicate that the condition is rare. During the past four years, how-
ever, the authors have seen a total of thirteen cases with involvement of fourteen ankles,

and have roentgenograms of three additional cases seen bj'- Eberhard, indicating that the
condition, although uncommon, is certainly not rare. All of Eberhard’s cases were in the
superolateral articular surface of the talus and, if included with this series, would present a
total of seventeen cases, with the lesion in the superomedial portion of the talus in eleven
cases and in the superolateral location in six instances. With the condition in mind and
with careful roentgenographic study, it is probable that the diagnosis will be made with
increasing frequency.

Anteroposterior and lateral views do not always reveal the lesion. Careful oblique
views Avill often expose a lesion, hidden b3'' one of the malleoli. Tomograph}’' or laminag-
raphy, although an adjuirct in making the diagnosis, is not necessary routinely. A patient
presenting a typical history of repeated sprains, Avith localized tenderness oA’er the anterior
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or skeletal traction applied to the affected extremit}’’ is required, while the opposite side

is immobilized in a-plaster spica, depends upon the individual case. However, complete

relaxation of the soft tissues must be obtained, before the child is considered ready for

the second stage. With some of the older patients, it has been found useful to stretch tlie

hip thoroughly by the manoeuvre of straight-leg raising and abduction, with or without

subcutaneous adductor tenotom3’', before appljdng moleskin traction or skeletal traction.

At examination, the degree of telescoping or laxity varies considerably; and, while not

altogether dependent upon age, this is an important factor. If, however, the head of the

femur is not brought down at least near the.level of the original acetabulum before the

second stage or open reduction is attempted, too much tension and too much force yill

be required at the second stage to reduce the head of the femur gentl3^

The second stage consists in exposing the hip joint b3’' the lateral approach. The

incision begins a finger’s breadth posterior to the anterior superior spine of the ilium,

curves downward, and crosses the shaft of the femur several inches below the tip of the

greater trochanter. After the fascia has been divided and the tensor fasciae femoris has

been retracted medialty, the muscles attached to the greater trochanter come into yie^\.

The tip of the greater ti’ochanter, to which are attached the aloductor muscles, is cut

through, and the capsule' is easil3'' separated b3’- scissor dissection from the overbdng group

of muscles. The isthmus or hourglass contraction of the capsule can often be identified

then. The capsule is di^dded at its narrowest point, and the head of the femur i® inspected.

The head is frequentty found to be acorn-shaped or even normal in appeal ance. but it

ma3’- be quite flattened and deformed. According to Wolff’s law, the contour of the femoral

head ma3’’ later be restored to a remai'kable degree b3’’ acti-\dty; 3^^ when the head is

gi’eatty deformed, the prognosis for full function must be guarded. B3’’ external rotation of

the shaft of the femur, the capsular-covered head can be separated from the muscles posterior

to^the capsule. I'iTiile the head is inspected, its cartilage is left intact, and no effort what-

Fig.S-A
_ - w r edinandouto^

D. R.. 1935. Preoperative roentgenogram of an ui^table Artftlas "a® per-

place. The left femoral head is securel}' in place, but the acetabulum is po .

formed on the right hip.
^
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OBLIQUE SUBCERVICAL (REVERSE INTERTROCHANTERIC)
FRACTURES OF THE FEMUR

BY LOUIS T. WRIGHT, M.D., NEW YORK, N. Y.

From the Surgical Service of the Harlem Hospital, New York City

The purpose of this paper is to describe a rare fracture that may be termed an “ oblique

subcervical intertrochanteric” or “reverse intertrochanteric” fracture of the femur. This

fracture has been seen before, but has never, to the author’s knowledge, been described or

recognized as a separate, definite entit3’-. In Harlem Hospital, two cases have been observed

during the period from 1937 to 1946 (eight and one-half years), during which time the

records show that five patients with pertrochanteric fractures and 177 patients with in-

tertrochanteric fractures were treated.

The fracture may be described as one that begins at the lower border of the base of the

neck of the femur and extends obliquely downward and outward between the two trochan-

ters, in the long axis of the neck of the femur. The fracture line would bisect at almost a

right angle the line of the more usual and frequent intertrochanteric fracture (Fig. 1).

A careful search of the available literature and of

numerous standard textbooks failed to disclose an exact

description of this fracture. It is important to describe the

fracture separately from other fractures in this area be-

cause the mechanics involved, which have a distinct bear-

ing upon treatment, are different. The physio-anatomical

factors which deserve consideration in this connection

are; (1) The fracture line begins between the two limbs of

the iliofemoral or Y ligament, the upper limb of the liga-

ment being attached to the upper fragment and the lower

limb to the lower fragment. (2) The muscles attached to

the greater trochanter do not influence in any way the

movement or position of the distal fragment. In addition

to the attachment of the lower limb of the iliofemoral

ligament, the iliopsoas is attached to the lesser trochanter

and tends to draw the lower fragment upivard and inward

underneath the neck and head of the femur. In fact, the

mechanical arrangement is such as to produce in effect

the same results as a low subcervical osteotomy in the

same axis as the neck of the femur.

This fracture is produced by indirect violence, with
the thigh in the position of hyperextension, in a patient

with muscular and ligamentous weakness and increased bone brittleness. Its infrequent

incidence is more clearly understood when we realize that it traverses the femur against

its reinforcing cancellous lamellae and calcar femorale.

The term intertrochanteric fracture is used because these fractui’es follow the

anatomical intertrochanteric lines of the upper end of the femur. The fracture under dis-

cussion is, in fact, an axial subcervical intertrochanteric fracture, with the fracture line

extending obliqueR’^ downward to the cortex, as a prolonged extension of the lower border
of the neck of the femur. For this reason, the term reverse intertrochanteric fracture
probabl}’- describes the condition better than anj’- other concise phrase.

Fig. 1

Draiwng of a reverse intertro-

chanteric fracture.
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soever should be made to reconstruct the head. The capsule is closed over the head bv
several interrupted catgut sutures, and the remaining or proximal portion of tlie capsule

about the rim of the old acetabulum is removed as completely as possible. With the limb

rotated externall}’- and adducted sharply, the site of the original hip socket can be easily

identified, inspected, and palpated. W^ith a large curette or a Doyen reamer, a capacious

Fig. 4-A
D. K., 1933. Preoperative roentgenogiam. Note deformed appeaiance of epiphysis and poor ace-

tabulum. Arthroplast3’’ was performed on January 15, 1934.

D. K, 1946. Anteroposterior view thirteen years after operation. Note hov .p instructed®*

become well rounded, although not perfectly normal in appearance. Hip joint is

level of normal side. There is excellent range of motion. crucrro

THE JOURNAL OF BONE
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REPORT OF CASES

Case 1 (llospitnl No. 221,59!)). M. W., .i negro woman, aged sixty yeans, was admitted to tlio Harlem

Hospital on September 12, 1944. Her chief complaint was that she had slipped and Jiurt her right lower

extremity.

The patient had had infantile ijaraij’sis when she was a child, which affected her right lower extremity.

She had been lame on this side for some months, and at one time could not walk on the leg. She did not

know when she became able to walk, but after finishing high school she was able to do so. There had been

no previous operations or other accidents.

At ten o’clock on the night of admission, the i>aticnt slipped and fell to the floor, striking her right hip,

after ndiich she suffeied severe and continuou.s pain in the region of the hip. This pain was particularly

marked on motion.

Physical examination showed an obese woman, lying in bed in a Thomas splint. There was tenderness

around her rigiit hi]) joint. Roentgenograms disclosed a fractuic of the femur, which began at the junction

of the lower border of the neck and extended obliquely downward and outward to the cortex,—a reverse

inter trochanteric fracture. It bisected at practicalb"' a right angle the intertrochanteric line on that side.

The lower extremity was put into Russell traction. On December 1, 1944, the patient's general condition

was good; she could rotate the limb but could not raise her heel from the bed; there was slight limitation of

motion of the ankle joint. On January 1, 1945, roentgenograms showed that the distal fragments were

slightlj^ displaced medially; but bonj' union was present roentgenographically, and the patient could move

her limb in all directions. She was discharged from the Hospital with a walking caliper spliiit, on January 12,

1945 (Figs. 2-A, 2-B, and 2-C).

Case 2. B. B., a Spanish woman, aged seventy-six, was admitted to Har-lem Hospital on January 5,

1945. She stated that, on the day before admission, she fell forward while going down some steps. She was

unable to get up after the fall, because of intense pain in her right hip and vagina. No further history could

Fig. 3-A '
, Fig. 3-B

.
Case 2, B. B. Subceryical or reverse intertrochanteric fracture of the femur. Extremity wasm T-honias splint at the time patient was admitted to the Hospital.

Fig. 3-B: Shows position of fragments four and one-half months later. Patient had been treated by
uuly uu elastic spica around her hip. Marked callus formation is pi-esent. The lower fragment has been
pulled inward and upward, while the upper fragment has been pulled outward. 'The result in this case is
similar to that of a subtrochanteric osteotomj' without internal fixation.
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in these younger children, attempts at closed reduction should first be made, and avtliio-

plast}^. should be reserved for those hips in which closed reduction has not been successful

Children from Three to Ten Years of Age

In patients over the age of three, both soft-tissue changes -and fundamental osseous

maldevelopment make attempts at closed reduction increasingly'- difficult. Not only do

the abductors and adductors become shortened and contracted, but the blood vessels and

nerves also show accommodative changes. In addition, the auricular-like depression on the

side of the ilium begins to form, and the head of the femur becomes more acorn-shaped or

flattened, as it gravitates upward and backward. This displaced femoral head drags along

the capsule, which becomes greatly thickened on its superior surface and assumes an

hourglass appearance as it becomes elongated. The telescoping, which indicates relaxation

of the soft tissues about the hip, varies somewhat in different individuals, but it usually

becomes less as the child grows older and as the dislocated hip becomes bound in its

position of dislocation through weight-bearing.

CONTRA-INDICATIONS FOR ARTHROPLASTY

As the first stage in the procedure advocated consists in meticulously stretching the

soft tissues and producing a relaxation about the affected hip, it is obvious that the factois

of age and weight-bearing will ultimately produce so much shortening of the soft-tissue

components that the head of the femur cannot be pulled down opposite the acetabulum

without running the risk of damaging these structures. It is diflicult to limit the operation

in children wholly on an age basis, for there are individual differences in soft-tissue

relaxation; but from past experience, it is the opinion of the author that the operation

discussed here should not be attempted in children over the age of ten for unilateral dis-

locations, or over the age of eight for bilateral dislocations. Although we have been able

to obtain sufficient stretching during the first stage in children over ten to permit us to

force the head into the acetabulum which has been reconstructed at che normal level, we

have seen aseptic necrosis of the femoral head later develop in these older children, l^e

have all observed that bone tissue within certain limits of stress and strain is a malleable,



ARTHROPLASTY OF THE HIP FOR CONGENITAL DISLOCATION
IN CHILDREN-^

BY PAUL C. COLONNA, M.D., PHILADELPHIA, PENNSVLA'-ANIA

From the Department of Orthopaedic Surgery, University of Pennsylvania

Medical School, Philadelphia

The primaiy purpose of this paper is to present an end-result study of an arthroplasty

procedure, devised some years ago for treating congenital dislocation of the hip. There

are certain indications for its use, and also contra-indications which should be stressed,

as well as postoperative safeguards, which should be borne'in mind in the care of patients

undergoing this operation. Naturally, the author has been keenly interested not only in

observing the functional results in patients operated upon ten or more years ago, but

he has also been anxious to satisfy himself by repeated follow-up roentgenograms th'at

the reconstruction of the originallj’- deficient acetabulum has been retained as to size and

depth, and that a practically normal joint space has been preserved over the'years. ;

Twentj’--five years ago, rather brutal and traumatizing methods of bloodless reduction

were in vogue. The comparative!}'- gentle methods of closed reduction, generally accepted

and practised today, represent great progress in the treatment of this congenital anprnaly.

The range of painless motion that can be obtained- by closed reduction today, in "those

cases in which reduction has been effected ivithin the first few years of life, 'is-adequate

proof of the value of gentleness in using the so-called bloodl ;ss method. - It is Hoped,

therefore, that this gentleness will be emphasized in teaching the technique to the younger

orthopaedic surgeons, and that this teaching Avill result in a smaller number of- patients

with permanent stiffness, arthritic changes, or aseptic necrosis of the lefmbral head.,Qn

the other hand, an open reduction can be an even more gentle procedure and can be far

more desirable than one attained by closed methods employing force and awkwardness,

which ma}'-, however, appear satisfactory roentgenographicall3L Reduction alone is of

doubtful value, if it results in a painful or almost stiff hip.

Undoubtedly our attention to this whole problem has, heretofore, been centered too

much upon the bony components of the deformity and too little upon the soft-tissue

changes present. It should be remembered that roentgenograms do not show bruised or

contused muscles, the hourglass constriction of the capsule, or contraction of the abductor
and adductor groups of muscles. These are formidable barriers to gentle reduction. In

many of these cases, adequate preliminary traction should be an absolute prerequisite

to any attempt at actual reduction, either closed or open.

The aim of the orthopaedic surgeon in treating congenital dislocation of the hip should

be, first, gently to obtain an accurate anatomical reduction. This means that the head
of the femur should be brought not only doAATiward, but forward in relation to the sagittal

plane of the bod}'. Second, stability and an excellent range of motion should be the end
result; and, third, the relationship of the head and acetabulum, as demonstrated by
follow-up roentgenograms over a long period, should show development of the bony com-
ponents progressing in a normal manner.

The arthroplasty operation re-^fiewed here has already been described by the author,
and the reader is referred to these preifious articles. This paper deals vfith the posterior

type of congenital dislocation, but the principle of the arthroplasty is also suitable for
cases with anterior types of congenital dislocation. The technical aspects, the indications
for use, and the postoperative care mil be only briefly reviewed, with follow-up roentgeno-
grams, made ten to thirteen years after operation in five of the early cases.

* Re.-id at tlie Annual Meeting of The American Academy of Orthopaedic Surgeons, Chicaco, Illinois
January 28, 1947.

<= . b , ,
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accommodative substance, but articular cartilage and bone undergo aseptic necrosis ii

subjected to a continuous abnormal pressure. Therefore, some type of osteoplastic buttress

or a shelf operation is more desirable in older children.

POSTOPERATIVE CARE

When the hip is taken out of plaster at the end of four weeks and acti^T and passive

motion in bed is begun with the limb suspended, the simple expedient of keeping a pillo'

between the limbs to retain abduction of 10 to 20 degrees on the affected side has bee

found adequate to prevent anj'- danger of redislocation. This complication has not occiure

in anj'^ of our series, but if, upon removal of the plaster, some effort is not made to limi

adduction, this could conceivablj'' happen. The author also favors keeping five to ten pound

of traction on the limb during the first few weeks of active movement in bed. If a tlierj

peutic tank is available, the patient should move the limb a part of each day in thi

medium. The patient should be encouraged to sit up, but in order to prevent the dereloj;

ment of an}’’ flexion contracture at the hip, the patient should be turned on his abdorac;

for a part of each day.

From the time the plaster is removed, particularly in the early weeks, the hip mus

be examined often for the effects of imbalanced muscle pull, particularly from the ad

ductors and flexors. A good deal of functional adjustment has to be made in this recon

structed hip, as in all joints subjected to arthroplast}’’, and some coddling and vatchfu

attention to details will spell success in the future progress of the hip. Not until a goo(

range of active and passive movement in bed can be demonstrated, and any tendency

to adduction and flexion has been corrected, should weight-bearing be permitted. It n

difficult to give a time when weight-bearing should be begun, as this would have to be

decided upon in the individual cases; but it is safe to say that a minimum of three months,

and sometimes as much as six, may elapse from the time of the operation before it is "isc

to allow the patient to begin putting weight on the hip for limited periods during the da.i

.

During the weeks of limited weight-bearing, starting Avith a feAV minutes and graduall)

increasing, the hips must be carefully watched for an}’’ signs of stiffness or loss of motion.

At the slightest evidence that the hip is “tightening up”, the patient must return to ec

.

Traction for a ferv da5'’S vdll usuall}’' be sufficient to restore the preAUOUS range of nrotion.

The use of braces to protect the hip against A\might-bearing is not advocated; an on}

occasionally is a child found cooperative enough to be alloAA’^ed to be up on crutc ies w

less than three months, to bear weight on the normal side, and to SAAung the a ec e

The roentgenograms shoAAm represent fiA'-e of the early cases AA'hich haA'^e

for man}'' years. They demonstrate that the normal bony architecture of the hip los i

restored.
_

,

A moAung picture shoAA'n by the author at the Academy meeting demonstia «

children, ten to thirteen years after operation, AAmIking without a limp and vit i an

lent range of acthm and passive moAmment.

CONCLUSIONS
_

j

From this folloAA’-up study of ten to thirteen years, the folloAAung conclusio

been reached;
_ ntlv effective

1. This tAVO-stage procedure in the younger age group is permane
^

}'

providing accurate reduction, stability, and an excellent range of mob i }
•

^

2. Careful attention to details must be employed not only m t le rs

stages, but also in the early part of the postoperative care.
iqi-iteral case-

3. The results haA’-e been better with the unilateral than AAuth le

4. The procedure is not to be employed in children beyond the age

best results haAm been obtained in children under eight years of age

THE JOEBXAL OF BONE ANU JW-
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A stud3' has been made of thirteen patients operated upon at the Oklahoma Hospital for Cripp’^J

Children during the 3'ears 1938 to 1941. In ten patients, the dislocation n-as unilateral; and in three csfC'-

bilateral dislocations u’ere present.

SL-c patients rvere from tn'o to seven 3"ears of age. Seven patients were from seven to eleven years of aco

Onl3- one patient with a bilateral dislocation was subjected to an arthroplasty of each hip. In every instance

a period of preliminary' traction and stretching of the soft tissues about the hip was carried out. This nr.;

continued until the head of the femur was opposite the level of the acetabulum, or as near that point as

possible.

A determination of the final results showed three cases (one, a child two years old; one, seven yc-ir;;

and one, eight years of age) which could be classified as e.vcellent results. These patients had no limitation

of motion in the hip, no pain, arthritic changes, or shortening, and the hip was stable.

One patient had 10 degrees of limitation of complete e.vtension, but a full range of motion in otlie:

directions. Xo arthritic changes were present, and the hip was stable with one-half inch of shortening. TH;

was considered a good result.

Two cases with some contracture and moderate limitation of motion of the joint, but with no p.ain

or arthritic changes and no shortening, were considered fair results. In six cases, the results were classified

as poor. All of these patients were in the older age group,—from eight to eleven years. Arthritic change^,

stiffness of the hip, and contractures of some degree were present in all cases. Pain was also a predomin.int

symptom. One patient, aged five, died as a result of shock, following the operation.

This procedure is not usually' indicated in children above the age of eight ymars, or in those cases in

which there is difficulty’ in pulling the head down to the level of the acetabulum.

I believe that the following factors are essential to a successful result:

First, a patient in the proper age group, with a unilateral dislocation.

Second, the reconstruction of a large, well-formed acetabulum.

Third, looseness of the capsule o^'er the head of the femur.

Fourth, complete relaxation of the soft tissues about the hip, so that the head can be replaced in tb'

newly formed acetabulum without tension.

Fifth, careful attention to the details of preoperative and postoperative management.

In no case in which this procedure was carried out, regardless of the final result, was there a redislocation

of the-hip. We believe, therefore, that this procedure is useful, and that excellent results canbeobtnine

when the prerequisites listed are_ present.

Dr. P.\ut, C. CoLONk.\, P.hiiadelphi.4., pExxsTLVANr.'i. (closing): I think this group should be awere

of the difficulties which have been encountered in the cases in which the operation is not applies c-

very foolish to think that this operation is the answer for all congenital hip problems. It is very use u

obtaining stability and restoration of the normal joint architecture within certain age limits.

The point which Di-. Crego brings up—that we cannot see the ultimate result today' is

When I fiist started on this, in 1930, the comment was made: “Wait a little bit. .md we shall see.

presented five cases today, in each of which the operation was performed ten or more y'ears ago, >

that I'can present these same cases again in another ten y’ears. I think that the procedure is 0 gr >

within the age limits prescribed. '
;;

If a member presents a new procedure, he should present the end results five or ten y'ear» *

he has given up the procedure, we should know it. If he has found it successful, we should a so

M TTT' * ’'
n
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® complete loss of the distal thiee fourths of the second and third metacarpals, "ith

grafts stabilizing the proximal phalanges in flexion of 30 degrees.
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cavity is then reamed out at the level of the original acetabulum. This point is most easily

recognized by identifying the triradiate cartilage which must become the floor of the re-

constructed acetabulum. (If the case is a unilateral dislocation, the site of the acetabulum

can also be judged roughly by identifying the level of the tip of the greater trochanter or

the anterior superior spine of the ilium on the normal side.) It should be pointed out that

a remarkably deep acetabulum can be obtained. At this level, the innominate bone is

very thick, and when this procedure is done for the first time, the operator is alwa3'^s

surprised at the amount of bone that maj'- safelj’’ be removed from this site.

The newly made cavity must be large and deep, and its floor must be smooth: When

the curetting is finished, there should be a

'

domed and properly sloping superior roof.

With gentleness and without the use of a skid,

the capsular-covered femoral head is placed

deep within this newly made acetabulum,

and the limb is placed in abduction of about

20 degrees. It must be remembered at the time

of the open reduction that the capsular-covered

head has to be placed deep within the socket.

This maj’’ require placing the limb in marked

internal rotation. If this becomes necessaiy,

a supracond3dar osteotomj’- with derotation

should be done a few weeks later; this has been

necessaiy a number of times, and is indicated

whenever the anterior torsion of the neck' of

the femur appears to make internal rotation

necessary. This has not seemed to have any
effect on the ultimate function of the recon-

structed hip joint.

No effort is made to suture or to attach

» to the acetabulum the capsule that coAmrs the

head, when it is placed in the newlj^ formed
acetabulum. It is believed that the outer surface of this capsule becomes attached firmly

Avithin a feAv Aveeks to the raAV bon}'- Avails of the nendy formed Socket. The greater tro-

chanter, AA'ith its attached muscles, is resutured into position. It 'has not been found
necessaiy to transfix the greater trochanter Aiuth a bone graft; rather, a number of inter-

rupted catgut sutures are placed in the soft cartilaginous tissues, and the cut surfaces of

the greater trochanter are approximated snugljL The Avound is closed in laj'-ers. With the

hip in complete extension and slight abduction, a unilateral plaster spica is applied from
the nipple line to the toes.

Fig 4-C
D. K., 1946 Lateial view thuteen yosiis alter

operation.

INDICATIONS FOR ARTHROPLASTY

Children Under Three Years of Age

The failures that occur folloAving one or more careful attempts at closed reduction in
children under three j'ears of age are due main!}'- to tivo causes: Fiist, there are a few
cases in Avhich leduction cannot be obtained b}’- the closed method; and, second, redisloca-

tion sometimes occui-s. It maj’- be that a certain number of failures are due to the fact that
the surgeon does not interpret properl}' the postreduction roentgenogram, and he thinks
that the dislocation has been reduced when it has not. A great number of failures are due
to an obA'ious interposition of soft tissues or to an insecure, sloping saucer-like acetabulu
or to both. liateA'er the causes responsible for redislocations, a certain number of t

do occur in children, and arthroplasty is considered to be indicated in such ov.

VOL. 29, NO. 3. JCLY 1947
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Fig. 9-C
Fig. 9-DP* Q A . G1
-TlLr. V-XJ

Fig. 9-B: first metacarpal, resulting in a useless thumb,

roentgenogram taken tu-e
®rted into the carpus and the adjacent metacarpal base. Posfopcr.yn

S possible follow mg a tendon graft for loss of the extensor pollicis longus.

metacaipal oi carpal bones (Fig. 2). If only the head of the metacarpal remains, it can h~

stabilized by extending the graft into the carpus (Figs. 3-A and 3-B); if only the ha-^

remains and the digit must be preserved, the graft can be fused to the proximal phalae-

at 30 degrees of flexion (Fig. 4). In cases of multiple metacarpal defects, multiple hone

grafts usually can be placed in one operation (Figs..5-A, 5-B, 5-C, and.5-D.)

.err'^rr''
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DISCUSSION

Du. C. H. Crego, Jr., St. Louis, Missouri: It is most difficult to evaluate fairly the lesults obtained

in an operative procedure with which one has had no peisonal experience. I wish, therefore, to confine my
remarks largely to a recapitulation or a restatement of certain basic principles in the present-day treatment

of early posterior congenital dislocation of the hip, which have been brought out and emphasized by Dr.

Colonna in all of his papers on the particular operation described today.

I am sure we are all agreed that it is in the patient who has not passed the age of six oi' seven that we can

hope for results which approximate normalcy. Even in this group of cases, however, theie have been in the

past all too many poor results and complete failui es from the old, time-honored classical methods of treatment.

What, then, are the basic principles of modern treatment, upon which depend our hope of obtaining

more successful anatomical, physiological, and functional end results?

Foremost, in my opinion, is the fundamental fact that the reduction itself should in all instances be ac-

complished without the use of any force whatever. This, of course, implies the use of preliminary traction

of one kind or another. Dr. Colonna consideis traction to be a highly important part of his procedure, and

I’m sure he will agree that it is an important part of any procedure which aims at reduction without trauma.

This preliminary traction, to be effective, should be sufficient to pull the head down completely, opposite

the lower half of the acetabulum; and it should be maintained long enough to prevent recontraction of the

soft parts, after the actual reduction has been effected. Only in this way can we completely eliminate not only

the trauma incident to the reduction, but also the trauma of the intra-articular pressure following leduction.

I prefer to use skeletal traction in patients eighteen months of age and over, because I have not been

able to do an adequate job ndth any of the various forms of skin tiaction. Even with skeletal traction, it is

frequently necessary to tenotomize the adductors and the hip flexors, before the head can be pulled down
completely.

Having been successful in placing the head into the acetabulum without trauma,Ave are now confronted,

in the majority of cases, with developmental defects in the acetabulum which must be .corrected. To be

content with reduction alone and to leave a shallow acetabulum with a more or less vertical and defective

roof, on the assumption that the acetabulum will deepen and reshape itself, is to court certain disaster.

This brings us to the second basic principle,—^namely, that if an acetabulum is inadequate, it must in

some way be made at least to approach normal. Dr. Colonna has realized this fact, and the procedure under
discussion was devised to produce a socket of sufficient size and depth to hold the head adequately in place,

and at the same time to preserve motion by the interposition of the capsule between the articular surface of

the head and the raw surface of the newly formed socket. Y^ou have seen the roentgenograms and the moving
pictures of a few of his older cases. That the results are good in tire cases shown, there can be no doubt. What
will eventually happen to them, no one can predict; but there is no true joint surface on the acetabulai- side,

and for this reason traumatic arthritis may develop later.

The only other alternative in an attempt to produce depth and to restore contour to the inadecpiate

acetabulum is that of acetabular reconstruction. To achieve this, the vertical roof of the acetabulum is turned
down and reformed, so as to approach its normal contour; then this iliac bone is packed in firmly above the
newly formed roof. This is not a true shelf operation, and should not be considered as such. This particular

procedure has the advantage of preserwng normal cartilage on the acetabular side of the joint and, to my
mind, is more sound physiologically than the arthroplasty.

This brings us to the third and last basic principle,—^nameljq the correction of the so-called antevcr.sion

or femoral tomion. If this deformity exists in any appreciable degree, it should be corrected. It will not
correct itself any more than an inadequate acetabulum will correct itself. If 'eft uncorrccted, we can expect
the head to become redislocated in an anterior direction and eventually to drift ujiward. Dr. Colonna has
not mentioned this phase of treatment, and I would like to know his ideas on the subject.

Dr. C. R. Rountree, Oklahom.\ City, Oklahoma: We believe that the succe.ss of the operation which
Dr. Colonna has so clearly described depends, first, upon a careful selection of the patients to be operated
upon and, second, upon the technical skill of the operator, plus careful preoperative and postojierative
management.





METACARPAL RECONSTRUCTION*

BT MAJOR J. WIIiLIAM LITTLER

^fcdical Corps, Army of the United Slates

From the Orthopaedic Section, Surgical Service, Cushing General Hospital, Framingham, Massachusetts

Severe injuries of the hand are frequently complicated by massive metacarpal defects,

which can be corrected only by bone-grafting. The goal of reconstructive surgery of the

hand is a restoration of function, and to this end an orderly surgical program should be

outlined before an}’’ definitive reconstructive procedures are attempted. Obviously, if all

the component parts of a digit are severely damaged, an amputation is usually indicated.

Frequently, other fingers may already have been amputated; and it is, therefore, neces-

sary in these cases to carry out reconstruction procedures, however prolonged, in order

to preserve what remains of the hand (Fig. 1).

Prior to correction of the existing bone defects, it is essential to have good skin and

subcutaneous tissue on the dorsum of the hand. The time expended in obtaining skin

Fig. 1 Fig. 2

Fig. 1: Loss of the ring finger with destructive fractures of the second and third metacarpals, bridged
by tibial bone grafts. The proximal phalanx of the middle finger has been fused to the graft. Skilled
function is possible.

Fig. 2: Transposed index finger for complete loss of thumb. A bone graft, fixed ’ndth Kirschner wire,
holds the digit in a fun'ctional position.

coverage by abdominal pedicle flap or tube is well worth the effort, for the subcutaneous
fat thus obtained is invaluable in forming a bed for tendon function and in filling the de-
fects left by scar excision.

The general principles obtaining for grafts of the larger bones are also applicable to
grafts of the metacarpals.^ However, because of their small size, fixation bj’’ plate or screws
is usuallj’^ impractical and must be compensated for by more attention to the finer details

of what Bunnell calls “bone carpentry”. In general, the success of the operation is in

direct proportion to the accuracy with which the graft has been fitted to the recipient
metacarpal or carpal fragments. Additional fixation, when desired, can be obtained b}’^

the use of stainless-steel wire or pins, which can be transfixed into adjacent uninvolved

* Read before the .American Society for Surgery of the Hand, Chicago, Rlinois, Januar}’’ 24, 1947.
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Fig. 12-1

Fig. 12-H; Roentgenogram

ofdestructivemetacarpal frac-

ture, showing typical defoim-

ity.

Fig. 12-1: Postoperafnc

roentgenogram, shoeing mod-

erate gain in length.

Fig. 13: Plaster immobiliza-

tion of grafted metacarpal,

permitting freedom of intact

structures. The finger is fle\ca

to 30 degrees at the metacar-

pophalangeal joint. Active

flexion and extension of the

intei phalangeal joints arc

possible.

Fig. 13 should be made to inain-

. e •
early mobiliw-

non tvliatever function remains, for only with all the intact structures functioning satis-

ac oil y can tie injuied portion of the hand be evaluated properly and the reconstruc-

tion program be outlined.

OPERATIVE TECHNIQUE
Exposure of the metacarpal to be grafted is gained through either a longitudinal ora

cuived incision, depending upon the existing scars and the nature of the resurfaced defect

All scar tissue is dissected from the extensor tendons, care being taken to preserve intac

paratenon. The fibrous tissue between the metacarpal fragments is dissected en bloc,

that a bed of soft tissue is exposed
; it is then possible to regain by'’ traction most of t ic

normal finger length. In most cases, for good results, the proximal fragment must be sacr

ficed as far as its base, where it is recessed vdth the osteotome at an angle of approxiiaal^

30 degrees (Fig. ll,a). The distal fragment is cut transversely vdth the circular

rongeur, and the medullary canal is opened to receive the doweled end of the graft-

traction on the finger, the defect between the metacarpal fragments is measured care

OVK AND JOrW







Fig. 7-C Fig. 7-D Fig. 7-E

Figs 7-A and 7-B:
Preoperative and post-

opei ative view s show
metacarpal reconstruc-

tion
Fig. 7-C: The nieta-

caipal heads have been
stabilized through bone-

'
' icted

• pre-
vent flexion of the meta-
carpophalangeal joints

Figs. 7-D and 7-E:
Range of motion follow-
ing excision of collateral

ligaments.
Fig. S: Traction splint used for overcoming a tight extensor mechanism. The progressive pull is directed

toward the tubercle of the na\’icular.
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Fig. 18-A^ Fig. 18-B
distal thumb metacarpal, with joint involvement.

.
lo--D^ Defect bridged b}^ graft, uniting the proximal metacarpal fragment to the phalanx. Func

tion or long extensor and flexor tendons has been preserved.

1

Fig. 19-A Fig. 19-B

Utilization of proximal and middle phalanges of functionless fifth digit for bone ’’*

?
j
j.gnge o

carpus and proximal phalanx of ring finger. The transplanted joint flexes throng

degrees. Extension of ring finger gained through free tendon graft.

i^Aax
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Fig. 10-A Fig. 10-B Fig. 10-C Fig. 10-D

Fig. 10-A; Photograph sliowing compound fracture-dislocation of the fust metacarpophalangeal

joint, with loss of the flexor pollicis longus.

Figs. 10-B, 10-C, and 10-D: Thumb function following fusion of the metacarpophalangeal joint and

free flexor-tendon graft. Fusion of the thumb metacarpophalangeal joint in flexion of from 20 to 30

degrees produces little disability.

Fig. 11

a: Metacarpal fracture, showing hyperextension deformit3'’ of

the metacarpophalangeal joint and contracted collateral ligament.

Dotted lines indicate preparation of the fragments to receive the

graft.

b: Tibial graft has been shaped for inset tion.

c: Illustrates various methods fot bridging metacarpal defects.

Note that, if the head and neck are present, the dowel is used;

whereas, if only the head remains, a blunt end of the graft is im-
paled into the cancellous bone of the head. The distal metacarpal
fragment or the proximal phalanx of the finger is adjusted so that,

on flexion, the tip of the finger points to the tubercle of the
navicular.

The shortened finger with a stiff, hyperextended

metacarpophalangeal joint (Figs. G-A, 6-B, 6-C, and

6-D)
,
which so frequently is a complication of a long-

standing, badly comminuted metacarpal fracture^,

requires preliminary stabilization of the distal frag-

ment with a bone graft, if useful function is to be re-

stored. In cases in which joint flexion is not regained

after bone-grafting, excision of the contracted collat-

eral ligaments and lysis of the extensor tendon may be
necessary (Figs. 7-A, 7-B, 7-C, 7-D, and 7-E). Exci-

sion of the collateral ligaments can be done at the

time of grafting, if a sufficiently large distal metacarpal
fragment is present. Once the metacarpal head has
been stabilized, however, traction on the finger alone

(Fig. S) may restore flexion.

Disability resulting from loss of the first metacarpal is much greater than that occur-
ring in the case of the other metacarpals. If the proximal portion of this metacarpal has
been destroyed, the distal fragment can be fused to the carpus; and, if the thurnb is placed
and maintained in a functional position, a useful digit will result (Figs. 9-A, 9-B, 9-C,
and 9-D). If the injury should involve the distal portion of this metacarpal vfith extension
into the metacarpophalangeal joint, a fusion of the joint at approximately 30 degrees of
flexion is recommended (Figs. 10-A, 10-B, 10-C, and 10-D).

Earlj’" immobilization -of the injured hand in the position of function is of great value
in the later procedures of reconstructive surgery. 'Follonfing wound healing, every effort



PRIMARY ARTERIAL INJURY COMPLICATING EXTREMITY FRACTURl

BY DONALD W. HEDRICK, M.D., F. B. HAWKINS, M.D., AND C. O. TOWNLET, M.D.,

DETROIT, MICHIGAN

From the Division of Orthopaedic Surgery, Henry Ford Hospital, Detroit

Experience with war wounds has taught surgeons the necessity of repairing damage

arteries early, in order to re-establish and maintain circulation in a salvageable extremit,

Fractures and crushing injuries seen in civilian practice are also frequently complicate

by severe damage to soft structures.

Injury to main arteries in certain areas means loss of the extremity, unless repair

prompt and successful. If traumatized tissues have their blood supply decreased by vas(

spasm, shock, or direct injury to an artery, infection may desvelop in lacerations and con

pound-fracture wounds, and tissue repair be decelerated. Chemotherapy is only effectiv

in direct proportion to the blood supplyL

Shock can be combatted by blood transfusions and control of hemorrhage. Vase

spasm can be controlled by sympathetic novocain block or by one of the newer drug;

such as tetra-ethyl-ammonium chloride, unless shock is present. Lacerated or trauma

tized arteries vdth thrombi must be treated promptly by surgery, if a main vessel i

involved; otherwise, gangrene wall develop, and a potentially useful extremity will be lost

Accidents resulting from our present high-speed transportation and acceleratc(

industry produce severe crushing injuries and compound fractures. Extensive damag*

to the soft tissues may result from the direct blow, as well as from wide displacement o,

^

the fragments of fractured bones.

It is axiomatic that preservation or re-establishment of the circulation to the extrem-

ity must take precedence over any attempt to obtain a satisfactory reduction, fixation,

or immobilization of the fractures. It, therefore, behooves the surgeon treating fractures

to be constantly on the alert for any impairment of circulation distal to the fracture si^e,

in such cases there is no greater emergency than a lacerated or thrombosed main

It is our purpose to present four typical cases of arterial injury associated vi '

tures, to discuss their diagnosis and treatment, and to emphasize the necessity for pro’J’

^

attention in -such instances. Case 4 is unusual in that anastomosis was obtaine m

tantalum tube by non-suture technique.

Case 1, L., M. (No. 428887). This patient was admitted to the Emergency Department

1944, suffering from a compound, comminuted fracture of the right femur, ^'hich occurre
^

struck.by a truck. On adnussion, she complained of pain in the leg and numbness of the ng

quet was in place. Roentgenograms showed a comniinuted fracture at the junction of t e nn

thirds of the right femur with considerable posterior displacement .of the distal fragmente ( jj,

no pulsation of the vessels of the foot. She was taken to the operating room and treate or s

^

fusion.. Two compound fracture wounds were found on, the posteromedial aspect o * ®
jJjp

fme-

cleaned, lavaged, and debrided. They were then connected by a small incision for
*^ve rot3 t<^<'

ture site; this e.xposed the great vessels. One of the comminuted fragments was °
jjg

intact,
kit

teriorly and impinged directly on the femoral artery. At first glance, the artery app

closer investigation revealed a bulbous swelling at the pro.ximal portion of the

°

thickness
of tk

out of the substance of the vessel and then, about one and a half inches distal
y,

linear
incidott

"i-

vessel could again be palpated. The fragments were manipulated out of the way, an
jntima

made in the artery at the site of the injury. The adventitia and media were md^ ,
a "O-

”

'

to be completely ruptured and separated for a distance of about one and a hal me •

e.xtensive longitudinal laceration of the intima. Bulldog clamps v ere app le

.pj thrombus vas rca-o

^

portions of the arter3^ The knee was fle.xed to relievethe tension of the vesse
. j.p,„(,vcd. 00®=^ f

«

'from the proximal end. The bulldog clamps were released, and t
, gijj^ and the odiC

freely. The clamps were then re-applied. The intima was sutured mth fine >

traiU'

O.VE AXD
‘







Fig. 14-BFig. 14-.\
,

Fig. 14-A: Shows destructive fracture of the fourth metacaipal.
Fig. 14-B'. Photograph taken three months after operation shows union of graft to metacarpal frag-

ments. Excellent function with full flexion at the metacarpophalangeal joint resulted.





Fig; 17-F -Fig. 17-G .
Fig. I7-H .

'

Fig. 17-A: Complete destruction of. thumb metacarpaK
Fig. 17-B: Roentgenogram of iliacrbone graft between greater multangular and proximal phalanx,

with thumb in functional position. . ..

Figs. 17-C and 17-D: Preoperative photographs.
Pigs. 17-E, 17-P, 17-G, and 17-11: After operation, the thumb can- be opposed by the index and

middle fingers. "
. -

id a graft, measuring at least one-half inch longer than the- estimated defect, is taken
om the upper-end of the tibia. A dowel is fashioned at one end of the-graft’with the cir-

ilar saw. The other end is cut obliquely at 30 degrees. The doweled end of -the graft is

iserted into the medullary cavity'of the distal fragment, and -the pro.vimal eiid of the
raft is pressed into the metacarpal or carpal recess. Compression of the, graft between
le two fragments is sufficient to hold it in place at the base (Fig. 11, c).,The periosteal

eeve, if present, and the soft tissues are carefulljr closed’over the graft with fine silk or
atton sutures. The various steps in the operative procedure are illustratedin Figures 12-A
1 12-G, inclusive. Following operation, a plaster-of-Paris cast is applied, which extends
3 the proximal interphalangeal joints, with the hand being maintained in the position of
motion. This cast is immediately split to facilitate postoperative decompression. On
OL. 29. XO. 3. JULY 1947
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reported both experimentally and clinically by Blakemore, Lord and Stefko. Furlhcr

experimental work mth tantalum tubes has been carried out by Lam of this institution

The procedure used has been described by Blakemore and Lord ‘ and the reader is

referred to the original work for complete technical details. The pitfalls to be avoided have

been discussed by the same group. They caution the surgeon to avoid the use of a tube

that is too large for the artery. They also warn against a ligature which is too tight at the

distal end of the tube and against injury or clot formation in the vein graft.

Tubes should be available in graduated sizes. In our opinion, nearby veins may be

used at the time of the surgery, thus avoiding the necessity of “quick freezing” the tube

and vein units, as suggested by other authors. It seems more reasonable to use homogenous

tissue and avoid the possibility of tissue reaction.

The use of heparin has decreased markedl}’- the danger of postoperative thrombosis.

The fear of thrombosis must be balanced against the danger of hemorrhage and hematoma

formation. Heparin is almost indispensable to the success of the procedure.

As far as we know, arteriographj'- has not been done in this type of case. The value ol

the procedure described can be measured onl}'- by the clinical success.

DISCUSSION

These cases are presented and discussed individually to illustrate the damage that

can be done to an important arteiy at the time a fracture occurs. The importance of early

recognition of the impairment of circulation to an extremity cannot be overemphasized.

Such a situation calls for emergency'’ care.

Residents in charge of emergency admitting departments must ever be on the lookout

for such cases, so that these patients will not be splinted or immobilized and sent to the

ward. The next day will be too late, and amputation will be inevitable.

Case 1 is an example in n'liich an amputation might have been avoided, if a metallic

tube had been available and heparin could have been used.

Case 2 demonstrates the effect of a severe blow on an arterial tree with extensnc

damage, not by displaced bone fragments, but by the force of the blow itselF.

Case 3 illustrates how easily the circulation can be impaired by'’ localized compiession

of the artery vdth formation of a thrombus and development of vasospasm. This has een

described by'’ Cohen. ,

Case 4 is an example of a localized arterial injury, treated with a tantalum tu

bridge the defect. It is described in greater detail, because of the type of repair u i

We feel the use of heparin in these cases is of the greatest importance. In

the success or failure of the operative procedure. Should hemorrhage occur—anc

tor must always watch for this—a tourniquet may be applied. Amputation may e

sary, but at least the extremity has been given a chance to re-establish circa a ron.

out heparin, failure of circulation is more likely, Avith possible amputa.tion.

The surgery invohmd in arterial repair is tedious, time consuming, an

fatiguing for it calls for painstaking attention to details, and after the opera
3

finished, there is still the fracture to treat. Regardless of the effort expen e ,

much better chance of obtaining an intact and useful extremity.

REFERENCES .

1 Blakemore, A. H., and Lord, J. W., Jr. ; A Nonsuture Method of Blood Vessel Anastomo

'

and Clinical Study. J. Am. Med. Assn.. 127; 685-691, 748-753, 1945. War li'ound-
't

2. Blakemore, A. H. ;
Lord, J. W., Jr. ;

and Stefko, P. L. : The Severed Pri|^ry .Mtery

A Nonsuture Method of Bridging Arterial Defects. Surgery, 12: 488 508, •

3. Cohen, S. M.; Traumatic Arterial Spasm. British Med.
136-13S 1944

4. Lbarmonth,J. R.: Peripheral Vascular Disorders. British Med. Bull, 2. 3

the journal of bone and joi-nt
grr.crr-’



METACARPAL RECONSTRUCTION 737

about the twelfth daj^ a new cast is applied (Fig. 13), immobilizing only the grafted meta-

carpal and the proximal phalanx. A period of two months is required before good union is

present (Figs. 14-A, 14-B, 15-A, 15-B, 16-A, 16-B, 17-A to 17-H, 18-A, and 18-B).

Penicillin is given routinel}’’ for eight days after operation, because all of these pa-

tients have had compound fractures, either potentially infected or previously complicated

bj'' osteomj^elitis.

To date, forty-four patients have had metacarpal grafting wvith a total of fifty-six

individual grafts. As many as three grafts have been placed at one time. Individual grafts

have been used for each metacarpal. Clinical union and callus formation, with loss of the

sharp line of demarcation between the graft and the fragments, have resulted during the

third month in all grafts except three (two small grafts were absorbed, and one failed to

unite to an atrophic third metacarpal head which was angulated volarward). It has been

possible in several cases to utilize bone fi-om an amputated finger to restore a metacarpal

(Figs. 19-A and 19-B).

In selected cases of metacarpal fractures with loss of bone substance-, bone-grafting

is a worth-while procedure for .relieving pain at the fracture site and for restoring the

normal architecture, strength, and function of the hand.

Note: The author wishes to acknowledge the kind suggestions made for the preparation of this paper by
William J. Tobin, M.D.
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CHONDROITIN SULPHATE IN CARTILAGE

Origin

Most authors assume that the chondrocytes elaborate this substance’®, but direct

e\ddence is still lacking. Hansen has scrutinized different theories, without settling the

question. Clark and Clark were unable to decide whether the hyaline matrix was produced

by the chondrocytes or b}'- some alteration of the intercellular medium. The observation

that the chondrocytes are surrounded by a large amount of chondroitin sulphate has thus

far served as indirect proof of its elaboration by the chondrocytes; but, remarkably

enough, no precursor has been demonstrated in the cell cytoplasm by histochemical or

other methods. Thus, nothing is known of the ester-sulphate metabolism in cartilage.

Additional data are needed badly, and will probably be supplied by using labeled sulphur.

Some factors influencing the production of chondroitin sulphate Mil be mentioned in this

paper.

Distribution

A small amount of ester sulphate can be demonstrated in the precartilaginous

mesenchyme’®’ In the embryo, the cartilage anlage becomes enveloped by a connective-

tissue sheath, the perichondrium, which is supposed to serve as a “protecting” membrane.

Inside this closed structure, growth and differentiation of cartilage proceed, and tir

specific matrix is developed. During the embryonic development, there is a low ratn

between matrix and cells; this ratio increases during infancy, until the typical ratio in eacl

type of cartilage is reached. No analytical data are available concerning the amount o

chondroitin sulphate in embryonic cartilage but, judging from the metachromatic reaction

the amount seems to be fairly high. It seems by no means impossible that the local per

entage concentration of chondroitin sulphate in the intercellular medium could be near!}

/
s high as in adult cartilage.

Chemical analyses have shown that each type of cartilage has a certain normal amount

of chondroitin sulphate (Table I). Maximum amounts have been reported in the atu

period of life’®' Additional details regarding articular cartilage are included in rewens )

Hansen, Benninghoff, and Hirsch.
• • u I

The validity of the percentages of chondroitin sulphate given in Table I is hmi e(

,

because of several factors. The figures give no information as to the regional variations^i^

content of ester sulphate, nor as to the local concentration of chondroitin sulphate m

intercellular 'substance. From a biological point of view, such data would be e.x re -

valuable; and they may be obtained by using a technique for histochemical

These questions have, to some extent, been studied by earlier authors, but su cien

are still lacking^®.

To illustrate the regional variations in ester-sulphate content, it may be

that the surface zones of articular cartilage generally contain a smaller amoun

chromatic material than the perpendicular zone®’ a proper
(he

observation is still lacking. On the other hand, many investigators have ste e^

local concentration of chondroitin sulphate is maximum around the
have

that the amount decreases farther off into the intercellular substance. eor

been advanced for the interpretation of this fact, but final proof is
jgplction

Chemical and histochemical investigations would suggest a
pjifferent

of chondroitin sulphate Mth aging. This fact must be correlated with a num ei^

factors and simultaneous changes affecting cartilage during this peiio
jj^^jcular c*'”''

fancy to old age, a continuous decrease in the nurnber of cells is

^ ^ contimio”'

tilage^®. At the same time, the content of calcium increases’®. In ad
calcif’®--'

process of cell degeneration proceeds, accompanied by many chanps, s
Tl/

Vi WAX X ^ A - - .

tion, pigmentation, amianthoid degeneration, and fibrous metapla

.p 'rOVT -
<T
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were siniilaiiy approximated. The suture line held well when the bulldog clamps were removed. The pulsa-

tion extended well below the suture line. Because of the extensive nature of the compound wound, it was

felt inadvisable to heparinize this patient. She was in moderate shock in spite of her transfusions. The

wounds were, therefore, closed with chromic catgut. To control the fragments, Stcinmann pins wore inserted

through the upper third of the tibia and the os calcis for traction. A Thomas splint was applied.

No arterial pulsation was ever obtained in the foot. The foot remained cold, and mummification set in

within four da3’-s. Permission for amputation was denied until October 23, 1944, when a mid-thigh amputation

was done. Convalescence was uneventful. The patient was discharged from the Hospital on November 11,

1944. She was followed in the Out-Patient Department until May 14, 1945, at which time she was walking

with a prosthesis.

This case illustrates the problems of treatment before the advent of the metallic tube.

A severe compound fracture was complicated by laceration of the main artery by a dis-

placed bone fragment and extensive damage to the other soft structures. The femur was

badly comminuted, and veiy active bleeding from the medullary cavity took place when

the tourniquet was released. This hemorrhage, plus scattered minor bleeding, made the

use of heparin seem inadvisable. Yet we are convinced that, by preventing postoperative

thrombosis, heparin might have made the anastomosis successful.

Case 2, S. IC. (No. 34878). This patient, having been struck by a motor car, was admitted on.Februarj’^

20, 1946, to the Emergencj'' Department, with comminuted, intra-articular fractures of the upper third of

the left tibia and fibula. The extremity had been struck from the rear by the car bumper. There was also a

laceration of the scalp and cerebral concussion. The scalp laceration was sutured. The left leg, distal to the

fracture site, rapidly became swollen. Extensive bleb formation took place. The pulsation of the dorsalis

pedis and the posterior tibial arteries could not be felt. Motor and sensory paralysis existed below, the fracture

site.

Roentgenograms failed to show any displaced fragments which might have lacerated the nerves or ves-

sels (Fig. 2). During an hour’s observation, swelling of the leg increased in spite of elevation of the leg, and
a mass, which seemed to pulsate, was noted in the popliteal space. It was, therefore, deemed advisable to

explore the popliteal region for a lacerated artery.

A linear incision, about eight inches in length, was made in the popliteal region, with a tourniquet in

place. The tibial nerve was encountered and was found to be hemorrhagic for a distance of several inches.

The artery and vein were isolated and were followed between the heads of the gastrocnemius. The vessels

were seen to pass into the torn soleus, and a large hematoma was found just beneath it. The vein was com-
pletely ruptured. The popliteal artery was isolated, and the posterior tibial artery was found torn at the

bifurcation. Available Vitallium tubes were found to be too large for vessels of this size. It was impossible

to suture the vessels, because of the type of laceration. The posterior tibial artery and vein were, therefore,

ligated. The defect in the popliteal artery was sutured with fine artery silk. The tourniquet was then released

and the suture line seemed to hold well. Two cubic centimeters of heparin was then injected into the artery,

pro.ximal and distal to the traumatized area. The vessel was seen to pulsate distal to the'area of repair. Be-
cause of the severe oedema, the wound could not be closed. A vaselin dressing whs applied, and the extremity
was splinted.

After the patient was returned from the operating room, heparin was started. The toes soon became
cyanotic, and the cyanosis increased the following day. A left lumbar sympathetic block was done without
improvement in the circulation of the extremity. The next daj^ the block was repeated, again without re-

sult. The leg became progressively gangrenous, and, on March 1; 194G, a mid-thigh amputation was done.
Recovery was uneventful. The patient was discharged from the Hospital thirteen days later and was walk-
ing with a prosthesis when last seen on October 3, 1946.

Secondary thrombosis occurred in this case in spite of heparin and a sj'm])athctic

block. The arterial damage was too extensive to have been overcome, even if a metallic

tube of the correct size had been available. It should be noted that, in this case, the soft-

tissue damage was caused solely by the force of a crushing injury. The bone fragments
were not appreciably displaced. Such injuries to arteries can occur in the absence of any
fracture.

^C.nse 3, J. H. (No. 66406). This patient was admitted to the Emergenej'' Depart ment on March 1

1945, after an industrial accident. Examination revealed a severe, compound, comminuted fracture f

mid-portion of the left humerus (Fig. 3), complicated by paralj'sLs of the ulnar nerve and al)Sence •

pulsation at the wrist. The man was taken direct^' to the 0[x;rating room, where the compoui’
nound wa.s carefullj' cleaned, lavaged. and debrided. Incision was then made over the medial

VOL. 39. NO. ,mr.v ;7 i
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vial membrane and fluid, l•espectivel3^ Accordingl5'-, knowledge is scant as to the mor-

phological changes in cartilage, due to derangement of nutrition. In this respect, IMaximoiv

and Bloom suggest that articular cartilage will become dedifferentiated when mechanical

function has deteriorated, and this might also imply a disappearance of chondroitin

sulphate. The so-called “dedifferentiation” of cartilage cultured in vitro is discussed in a

hater section.

METABOLISM OF CARTILAGE

The concept has been adopted that cartilage metabolism decreases gradualh'^ with old

age. largely because of the gradual decrease in the number of cells. The rate of glycolysis

was found to be proportional to the number of cells, but oxygen consumption decreased

more rapidlj'', indicating a progressive cell degeneration with aging The glycolytic and

oxidoreduction enzyme systems of cartilage were reviewed by Lutwak-Mann. Very

little is known concerning the metabolism of fat and proteins in cartilage.

We are forced to assume a continuous exchange of chondroitin sulphate in normal

cartilage, comprising some consumption and resupplj'^, but the details have not been

established. In all probability, the turnover of chondroitin sulphate will also become a

part of the future research on sulphur and sulphate metabolism. Some changes taking

place in the metabolism of cartilage have, however, been described in immature guinea

pigs, which were subjected to undernourishment, thyroidectomy, and the administration

of pituitary extracts^® 45. 47. unfortunate^, the technique for the demonstration of

chondroitin sulphate was imperfect, so that no conclusive statements could be made.

Rickets

In rickets, the hypertrophic epiphyseal cartilage cells present the usual staining re-

actions. Thus, there is probably'’ no decrease in chondroitin-sulphate content, a suggestion

supported by the analysis of Miy’-azaki. Pierce reported the same hydrogen-ion concentra-

tion in both healthy and rachitic epiphy'-seal cartilage. On the contrary, the simultaneou

degeneration of matured cartilage cells on the diaphyseal side is known to be associafci

with a rapid disappearance of chondroitin sulphate a process which corresponds

normal endochondral ossification.

Scurvy

It is generally assumed that the formation of the cartilaginous matrix is impaited in

vitamin-C deficiency -b Using a defective metachromatic staining technique,

recently asserted that the production of chondroitin sulphate was prevented in

cartilage. Conclusive results concerning this are lacking, as is also a comparison v

content of alkaline phosphatase in scorbutic cartilage®’
.

. ij,.

Regarding the metabolism and possible turnover of chondroitin sulphate in

cartilage, we should consider the possible role of the so-called “hy’’aluronic acid

corresponding enzy'me sy^stem “hy''aluronidase”. The sy'^novial fluid contains

acid®^, which has a composition related to that of chondroitin sulphate b

is hy’’drolyzed by'’ hyaluronidase and, furthermore, this enzyme group also }

both the isolated, partly'’ depoly'merized chondroitin sulphate®^’®® and the na

stance, according to Hirsch. Hy'’aluronidase has been obtained from many bac

large
•

quantities, from testes-®-®^, but has not y'et been demonstrated in
proli-

The results outlined in this paper may'- contribute to the future solution o
Vjjtc in

lems, particularly with regard to the genesis and metabolism
p

"gljaljility

articular cartilage, under both normal and pathological conditions. In a P
_

Vi V,— ;
- X- - *-> fiVT

the enzyme mil be demonstrated in symovial fluid; and this might serve as

for the low content of chondroitin sulphate in the superficial part of
c.xpk^'"

On the other hand, an increased content of hy'’aluronidase of bacterial-origin 1
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Fig. 3

Severely comminuted fracture of left humeius with injury to biachial artery.

middle'third of the arm. The basilicwein was identified and retracted, as were the median and ulnar nerves.

Next, the brachial artery was isolated and found to be in severe spasm throughout' the entire length of the

incision. One of the comminuted bone fragments was rotated and impinged directly against the^vessel. A
bulbojs thickening of the vessel was found at the site of injurj’-, distal to which the artery appeared to‘be col-

lapsed. The artery was incised at the site of the dilatation; and a led thrombus, one inch in length, was re-

moved. The intima was slightly torn. Blood spurted through the incision in the vessel wall. A bulldog clamp

was applied. Compression of the foreaim forced blood’from below through the incision. The vessel was

closed with artery silk, and the incision in the skin was closed with fine chromic catgut. A Kirschner wire

was then inserted in the olecranon process of the ulna. Traction was applied in a Thomas arm splint after

the patient was returned to his bed. A faint radial pulse could be felt after the procedure was over. The patient

u as heparinized for three days. The radial pulse improved and was of normal intensity.

In two weeks, the Kirschner wire was removed, and the extremity was placed in a hanging arm cast.

The patient was discharged from the Hospital on April 2, 1945. Healing of the fracture took place with a
moderate degree of angulation. Paralysis of the ulnar nerve persisted.

The patient was readmitted to the Hospital six months after the injury for a neurolysis of the ulnar
nci ve and transposition of it to the antecubital region. He was dischai ged o ne u eek later and followed in the

OuH’atient_Department. Wfiien last seen, he showed good return of the sensorj- and motor functions of the
ulnai nerve.

^01. 29. XO. 3, JULY 1347
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The suggestion may be advanced that the acid reaction favors some enzj'-me systems, while

inactivating others. In another paper on this subject, to be published later, this question

will be treated with regard to the action of alkaline phosphatase. However, the elucidation

of this important question is hampered b3’’ the present defective knowledge of the native

state of chondroitin-sulphuric acid and its protein linkages.

Molecular Structure

A recent report bj' Barcroft and his associates, on the dilfusion rate of certain dyes in

Wharton’s jelhq is of especial interest. Their results favor the suggestion that this tissue

might serve as a non-vascular conducting path for nutritional fluids and substances.

Without presenting am’- experimental proof, Bacsich and Riddell have advanced the idea

that this non-vascular pathwaj'- was effected by”- the ester sulphates present in Wharton’s

jelly. The corresponding suggestions should also be applicable to the cornea and cartilage.

However that may’ be, it seems probable that the molecular structure in some way might

favor diffusion ; but conclusive e\'idenee is needed.

2Iechanical Function

According to Hirsch, chondroitin sulphate is partly responsible for the maintenance

of cartilage elasticity’. Patellar cartilage -vnth a reduced content of this substance alwa.ys

exhibits impaired elasticity’, “particularly’ a deterioration in its capacity’ to withstand

loading”. Hirsch, however, did not go further into the phy’sicochemical interpretations of

kthis observation.

? Further suggestions might be advanced, but they’ would seem to be unjustified,

because of the present very’ defective knowledge of the possible function of chondroitin

sulphate.

DISCUSSION

This review is intended to emphasize that our views on cartilage have until now been

largely morphological. Evidently’, we have neglected the biological significance of chon-

droitin sulphate. By’ focusing our attention on this substance, and with the aid of the recent

advances in gh’coprotein chemistry, we should arrive at another and perhaps more bio-

logical opinion. W e have good reason to assume that chondroitin sulphate occupies the

central position in cartilage biology, and probably’ play’s a very important role in the metab-

olism and function of cartilage. Most of our current problems concerning cartilage deal,

or will in the near future be dealing, mth the occurrence, distribution, and function of

chondroitin sulphate. When we consider the phy’siopathology of cartilage, it seems still

more urgent to get new information on the changes influencing this substance and on the

physiological effect of such changes. It would be fruitful in a future approach to con-

centrate more interest on the role play’ed by’ chondroitin sulphate.

Xote; Two other articles on this subject, written by the same author, have been received and i'll!

appear in subsequent issues of The Journal.
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This arterial injmy was one of simple compression and thrombus formation, without

extensive damage to the vessel itself. Severe vasospasm was .present. Removal- of the

thrombus, heparinization, and reduction of the fracture resulted.in a satisfactory -recovery

in a case which might otherwise have come to amputation.

Case 4, E. H. (No. 468899). Tliis patient was admitted on February 28, 1946, after slipping on an icy

street and being struck by an automobile. Slie was seen in the Emergency Departfnent about two hours after

the injury, complaining bitterly of the pain and paracsthesia in the left hand) which had been present since

the accident. Roentgenograms revealed a.transvcrse fracture in the middle third of the left humerus (Fig.

4-A) and also fractures of the sixth, seventh, and eighth ribs. A compound-fracture wound .was present on the

posterior aspect of the arm, about three inches above the 'elbow. There was normal motor function in the

hand and wrist. The sensory disturbance was 'generalized, and involved the entire hand, which was blanched

and cold. No radial or ulnar pulse was obtainable. No extensive hemorrhage was noted at the fracture site.

Inasmuch as it was thought possible that one of the fragments might have compressed a vessel, the

fracture was carefully reduced with fluoroscopic control. This procedure failed to improve the circulation of

the hand. After a one-hour wait, a sympathetic block of the stellate ganglion was performed, which was suc-

cessful as evidenced by the appearance of Horner’s syndrome. This seemed to render the hand somewhat

warmer, but it remained blanched and pulseless. After an interval of two hours, the circulation was still in-

adequate, and an exploration of the brachial artery was done. - - ,

Under pentothal-sodium anaesthesia, a ten-centimeter incision was made over the medial aspect of the

upper arm at the posterior border of the biceps. There was considerable hemorrhage and evidence' of trauma

to the subcutaneous tissue in this region. The deep fascia had been lacerated along the medial border of the

biceps, and a fragment-of-the fracture had extended anteriorly through the brachialis musdle and its fascia.

The brachial artery was exposed for the length of the incision and isolated from the accompanying structures.

An area of thrombosis, approximately one centimeter in length, was found in the artery in the mid-portion of

the incision; a smaller thrombus was seen four centimeters proximal to the injury.' There was emdence of

spasm of the entire portion of the artery viewed. The median nerve was explored above and below the frac-

tae site and found to be uninjured. .The thrombosed region of the artery was isolated, and the surrounding

tissues were packed out of 'the field of operation with moist gauze. Bulldog clamps were applied above and
below the thrombus. A linear incision, one centimeter long, was then made over the area of thrombosis, and
the clot was removed. The intimal lining of the artery was severely injured for a distance of approximately

one-half centimeter on its posterior aspect. The wall of the artery was considerably thinned in this region.

It was impossible to perform a direct anastomosis to eliminate the defect," and it seemed adyisable.to use a

tantalum tube. A tube of proper diameter and length was obtained from. C. R. Lam, M.D., who was using

tantalum tubes in his experimental work in blood-vessel surgery on animals. The artery^ was transected at

the site of the injury, and the injured portion of the vessel, about two centimeters in' length, was excised.

The smaller proximal clot was aspirated with a smooth, small cannula. The column ’of the artery, both prox-

imal and distal to the injury, was heparinized. The tantalum tube was then prepared, according to the

method described by Blakemore and his associates. A section of vein, of adequate dianieter and-length, was
taken from the larger of the venae comitantes, which were in direct relation to the brachial artery. The vein
was washed out immediately with heparinized saline, care being used not to injure tlie intima. It was threaded
through the tube, and the ends were everted and secured with a fine ligature beyoiid the ridges in the tube.

The tube was then inserted with the-distal end of the vein section in the proximal end of the artery to elimi-

nate danger of obstruction by the valyes of the vein. This was easily done with very little stretching of the
proximal end of the severed artery. The artery was pulled well onto the tube, and a silk ligature was placed
tightly around the artery past the ridge of the tube. A fine ligature was likewise placed snugly, but not tightly,

distal to the ridge. A similar procedure was carried out at the distal end, but with more difficulty, because of

the smaller diameter of the artery. At this point, heparin was given intravenously, the procedure was com-
pleted, and the clamps were released. The artery was now seen to pulsate distal to the tube. The incision was
closed in layers, and a posterior plaster mold was applied to the extremity for fixation.

The patient was heparinized, and the clotting time was maintained at five to six minutes. The patient
was given penicillin for a period of eight' da3'.s.

Immediatelj' following the operation, the patient was in mild shock and the radial pulse could not be
palpated. Two hours following the procedure, however, the hand had a normal temperature, and the pain
had subsided. On the second daj', palpation revealed a good radial pulse which remained strong. A hanging
arm cast was applied eight daj’S later and removed on the twentj'-first postoperative haj”^ (Fig. 4-B); A good
radial pulsation was present, which was watched for forty-eight hours. The patient was discharged from the
Hospital on March 22, 1946. She was followed in the Out-Patient Department; satisfactorj’ union and good
circulation in the extremity developed.

As far as we can determine, this is the first -case in -which a tantalum tube has been
used to bridge an arterial defect in the human. Vitallium tubes have been used and
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CARTILAGE AND CHONDROITIN SULPHATE

1. The Physiological Role of Chondroitin Sulphate in Cartilage *

BY' BENGT SYLY'^N, AI.D., STOCKHOLM, SWEDEN

From the Department of Radiopathohgij, Radiumhemmei, Stockholm

In spite of recent contributions regarding the composition, molecular structure, and

protein reactions of chondroitin-sulphuric acid, our knoivledge of the biological function of

this substance in normal cartilage is still incomplete. Morphologists have hitherto avoided

discussing this question; but the rapid advances in glycoprotein chemistry ivould seem to-

warrant an analj'^sis of the subject. Consequently, more exact data are needed concerning

the occurrence, genesis, and phj^siology of the native chondroitin sulphate. The complexity

of the problems justifies a short review of the present conceptions of cartilage physiology

with reference to chondroitin sulphate. The author is fully aware of the difficulties involved

in presenting any interpretations of final importance.

QUALITIES OF CHONDROITIN SULPHATE

The chemical composition of the degraded chondroitin sulphate, or chondroitin-

sulphuric acid, is well known The native substance presents a long-chain

structure *-• has a very high molecular n^eight, and is slightly viscous in solution.

The fibrous precipitates show little coherence. Chondroitin-sulphuric acid has a strongly

acid reaction, due to both ester sulphate and carboxyl groups, which is of physiological

interest. In cartilage, the substance is probably combined ivith protein by salt, or by other

linkage On extraction with dilute alkali, the molecule is easily depolymerized^ and
consequently the relative viscosity is also influenced by slight variations in the pH of the

solvent. Thus, the molecule presents a sensitivity which may be of fundamental importance

in the interpretation of cartilage physiology.

METHODS OF DETERMINATION

The old macrochemical method involves extraction by weak alkali, and subsequent

analysis of the degraded molecule By the use of saline solutions for the extraction,

more native preparations have recently been obtained but the yield has usually

been very low.

The metachromatic staining reaction, according to Lison, forms a qualitative test for

the demonstration of ester sulphates of high molecular weight. ConsequentLq this staining

reaction may be used for the histochemical assay of chondroitin sulphate, if no other ester

sulphates are present in the same section. As far as we know, this happens to be the case in

cartilage. If certain technical requirements are fulfilled when the sections are prepared
(namely, uniform thickness and a standard staining technique), this method will also per-

mit an approximate quantitative estimation of the content of ester sulphate The
metachromatic staining reaction has a very high degree of sensitivity and, ivith regard
to the content of chondroitin sulphate in cartilage, it has given results ivhich correspond
very well with those obtained by the macrochemical method

Unfortunatety, no better methods are as jmt available. It seems advisable to use
both methods, since each has advantages of its own. Tlie metachromatic reaction is,

however, of prime importance for the exact localization of the ester sulphates under
discussion.

‘Aided by grants from Karolinska Institutct, and from Consul General Axel Ax:son Johnson.
Stockholm.
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Fig. 1 ; Diagram illustrating the capsular ligament of the first carpometacarpal joint on the volar aspect.

Fig. 2; Diagram illustrating a Bennett's fracture-dislocation.

Fig. 3; Diagram illustrating the method of maintaining reduction of the fracture with a mattress

suture.

ments either remain separated, or are malunited in such a U'a3
’’ that the mortise effect o

the base of the first metacarpal is lost. The smaller fragment usuall}^ becomes united dis

tall^v to the normal position; thus the palmar portion of the concavity, fitting over th(

greater multangular, and consequentty the buttress effect, are lost. Malunion had occurrec

in all of the last three patients whom the author operated upon; and in one other case non-

union of the smaller fragment -was present. Traumatic arthritis of the carpometacarpal

joint is also present in varying degree.

SYMPTOMS

The sjTnptoms in all cases mere similar. Thej'" consisted of weakness of gi'ip, P^ii^

use of the thumb, swelling of the carpometacarpal joint, and a dorsal prominence of the

proximal end of the first metacarpal. In all patients these complaints had e.xisted since the

time of the original injury, and the^^ were proportional to the amount of use of the hant

.

The ser'ei'ity of the sr'mptoms also varied; it was noticed that patients with nerroiis

temperaments complained more, as did those whose occupations necessitated greater lue

of the hand. ,\11 of the patients were willing to submit to an operation in order to impro'C

the result.

TREATMENT

To repair the unreduced fracture phj^siologicalh'', it is necessary to restore the nin^^

portion of the saddle of the first metacarpal to its normal position, and thus lestoie

concar-ity. Following union, the dislocation cannot recur, as the previously inactnc

sule begins to function. Bunnell recognized the necessity for such a repair, and was

ful in using stainless-steel pins to hold the fragments together after open reduction-

operation to be described, a mattress suture is utilized to hold the fragments toget le

thej' have been reduced.

OPERATION ,

.

After a tourniquet has been applied, a linear incision, one and one-half

made over the dorsum of the base of the first metacarpal and to the volar si

extensor pollicis longus tendon. The incision is carried down to the bone, and t e o
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Table I

The Peucentage op Ciiondroitin Sulphate in Different Ti'pes of Cartilage

Species

Ago or

Bod}’ Weiglit Origin

Type of

Cartilage

Amount of

Chondroitin

Sulphate in

Dried Cartilage

(Per Cent.)

Biblio-

graphic

Reference

Man Young Nasal septum H3'aline 39-40 Miyazaki

Man Middle aged Nasal septum H3’aline 26-33 Miyazaki

Pig Nasal septum H3’aline 41 Winter

Horse, ox, and pig Nasal septum H3’aline 37-38 Mi3’azaki

Horse and ox Trachea Hyaline 36-37 Miyazaki

Pig Cricoid cartilage Hyaline 38 Miyazaki

Man 35 years Costal cartilage H3’aline 11.4 Hass

Man 47 j’ears Costal cartilage Hyaline 8.5 Hass
Man 60 3’ears Costal cartilage Hyaline 6.9 Hass

Man 66 3’ears Costal cartilage H3'aline 4.8 Hass
Rabbit 500-700 grams Costal cartilage H3’aline 37-38 Miyazaki
Rabbit 1,000-1,200 grams Costal cartilage H3’aline 29-31 Miyazaki
Rabbit About 2,000 grams Costal cartilage Hyaline 23-24 Miyazaki
Man 40-48 3'oars Patella H3’aline 19-25 Hirsch

Ox and rabbit Knee joint Fibrocartilage 15 Miyazaki
Horse, ox, and pig External ear Elastic 27-28 Mi3’azaki

possible effects of loss of mechanical function should not be overlooked, this loss being
able to affect both the metabolism and the degree of differentiation of cartilage. Evidently,

there is as yet no simple interpretation to explain the gradual loss of chondroitin sulphate.

Hass has suggested that the production of chondroitin sulphate by the chondrocytes
diminishes with aging, but the explanation maj”- be much more complicated.

WATER CONTENT OF CARTILAGE

The intercellular matrix of normal cartilage constitutes a gel, containing about 70 per
cent, water. The water content is dependent upon the actual chemical constitution of the
chondroitin sulphate, and of the proteins and other electrolytes present. Changes in the
composition and relative amounts of these substances result in changes of the. water
content. Thus, the content of water is a secondary phenomenon, and may be regarded as
an indicator of alterations in the composition of the components of the gel. Therefore, the
isolated study of the water content is of minor intei-est and is, moreover, very difficult to
explain in detail.

NUTRITION OF CARTILAGE

It is generally agreed that cartilage, being largely devoid of vessels, gets the nutritive
fluid b}'' diffusion from the blood vessels of the perichondrium. This means that the fluid

must pass through the interstitial substance to reach the chondrocytes*®’-®. It is well
known that injected d3^estuffs are absorbed quicklj'' b.v the cartilaginous matrix®®’ ’®. With
articular cartilage, we face more complicated conditions,—namel}’", nutritive exchange
b}’’ percolation from the underlying bone, by diffusion through the s3’-novial fluid, or per-
haps in both ways*®. AsA’^et, ive have no definite knowledge of the governing factors of this
suggested diffusion mechanism. The ph3’'sicochemicaI side of this mechanism is particularly
obscure.

Thus, we do not know how the diffusion process is effected; ive know onl3’’ that it
woiks in healtlu’- cartilage. It ma3'' be postulated that such nutritional conditions render
cartilage susceptible to alterations of the perichondrial connective tissue and of the syno-
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RESULTS

Three consecutive cases were treated by the technique described, and the results were

excellent in all. There was no pain, and the strength of the grip approached normal. The

final roentgenograms showed that the smaller fragment was in a more normal position and

that the mortise had been restored. Two of the three patients were seen periodicallj’- in the

Out-Patient Clinic for several months and the results remained good, the patients being

free of symptoms and able to perform their full duties. The third patient was seen for some

weeks after operation, and the result was good when he was last seen. The roentgenograms

of a typical case, before and after operative repair, are shown in Figures 4-A and 4-B.
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PAINFUL INTERDIGITAL CLAVUS (SOFT CORN)

Treatment by Skin-Plastic Operation

BY EDWARD J. HABOUSH, M.D., AND ROBERT V. MARTIN, M.D., NEW YORK, N. Y.

Painful interdigital claims and its etiologj'’ are well known. The conventional opeia-

tion for the relief of this condition usually consists of a partial resection of the foiiiti

metatarsophalangeal joint. This procedure appears to be a rather radical method o

treatment for such a minor lesion.

Basically, the principle of the conventional operation is the removal of the

underlying bone impinging upon the skin. The same effect can be attained more logica y

however, by removing the overljdng pathological skin of the affected toe and, b}" a simp e

Fig. 1 Fig. 2 Fig. 3
Fig. 4

Fig. 1: Relation of soft corn to foot.
, e.xcH'4

Fig. 2: Fourth and fifth toes spread apart, showing interdigital area. The soft corn has i

liare area is in black. Lines of incision shown for dorsum onh*.

Fig. 3: Medial skin flap being mobilized.
Fig. 4: Flap has been advanced and sutured. Defect left in black.
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the rapid destruction of chondroitin sulphate, and possibly also that of cartilage, which

occurs in some types of arthritis.

REGENERATION OF CARTILAGE

In adult cartilage, mitosis probably never occurs. The new formation is brought

about bj’^ metaplasia of loose connective tissue, according to Maximow and Bloom. The

slow development of cartilage cells from perichondrial cells and fibroblasts was studied

by Clark and Clark, using the transparent chamber technique. From the standpoint of

functional pathology, the metaplastic formation of new cartilage is an extremely slow

process, extending over several months.

CULTIVATION OF CARTILAGE IN VITRO

Cultivation of small fragments of cartilage usually results in a subsequent dedifferen-

tiation to a fibroblast-like cell type, and a rapid loss of chondroitin sulphate. On the

contrary, cultivation of the whole cartilaginous anlage with the enveloping perichondrium

permits a slow growth of cartilage containing chondroitin sulphate s, ii, :6 , 27, 35, 4 i
j^j

wa3L the differentiation and growth of cartilage, the new formation of cartilage from

mesenchj'-me and perichondrium, and to some extent the intramembranous and endo-

chondral ossification have been studied in vitro.

Roulet cultivated simultaneously fragments of epiphyseal cartilage which were devoid

of perichondrium, and rapidly growing fibroblasts; and he observed that, when they

came into contact with each other, the cartilage matrix lost its metachromatic and baso-

philic staining reactions, and became acidophilic. The loss of ester sulphate was accom-

panied bj'' degeneration of the chondrocytes, and after some time the fibroblasts digested

the cartilage plate. A digestion process took place, apparently characterized by. an early

disintegration of the chondroitin sulphate. Roulet assumed, in conformity with Weiden-

reich, that some freely diffusible enzyme, liberated by the fibroblasts, was responsible

for this. This experiment is of considerable interest, and would appear to be useful in

explaining some processes in functional pathology. However, serious objections can be

raised to this interpretation.

The observations of Roulet lose in value when the slightly alkaline reaction of the

culture media and the sensitivity of the chondroitin-sulphate molecule * are considered.

This applies also to most of the other experiments in cultivation of cartilage fragments

which are devoid of perichondrium. Apparently, the usual culture media are unsuitable

for the specialized nutritional requirements of cartilage. Nature itself sometimes starts

cartilage cultures with more success,—namely, in the shape of intra-articular loose bodies,

which show normal cartilage with a normal content of chondroitin sulphate. Obviously,
the nutritional conditions in the synovial fluid are sufficient for both growth and main-
tenance of cartilage for many years

THE FUNCTION OF CHONDROITIN SULPHATE

The aspects of cartilage phj^siolog3q mentioned previously, accentuate the necessity

for anal3'^zing the different qualities of chondroitin sulphate, in order to reach an opinion

as to the functional significance of this substance in health3’- cartilage. Obviously, the
health3’- state of hyaline cartilage must in some wa3'- be associated with a high content of

chondroitin sulphate in its intercellular matrix. It is tempting to speculate that very
specialized tissues (such as cartilage, the cornea, and the connective tissue of the um-
bilical cord), containing large amounts of gl3’^coproteins, might have some qualities in

common, which could give a hint as to the function of the gl3^coproteins.

Acidity

The significance of the sti’ongl3’- acid reaction of chondroitin-sulphuric acid is obscure.



OBSERVATIONS ON OBSCURE MECHANISMS OF NERVE-ROOT
COMPRESSION WITH A DIAGNOSTIC TAP TEST

Report of Two Cases

BY HENRY BRIGGS, M.D., AND SIDNEY KEATS, M.D., EAST ORANGE, NEW JERSEY

From the New Jersey Orthopaedic Hospital, Orange

In the study of the surgical relief of sciatic pain associated with backache, the authors

have recently encountered an unusual mechanism of nerve-root compression, and have

discovered a test of foraminal-root pressure, for use during an operation.

The unusual mechanism found was the compression of a nerve root against the

superior pedicle and articular process in the foramen, by the disc bulging out beloiv or

distal to the root. A contraction of the gluteal and thigh muscles upon tapping the over-

Ijdng facet proved to be the result of compression of the nerve root in the foramen.

Case 1. J. F. C., a machinist, aged forty-two, was admitted on December 28, 1945, complaining of severe

pain in the lower part of the back and in the right buttock, thigh, and leg. He stated that he had injured him-

self five days before, while pushing a tool machine. Examination showed that he had an acute low-back affec-

tion with a loss of the ankle jerk on the right side.

At operation the fifth, fourth, and third intervertebral discs were explored. The only pathological change

noted was that in the fourth disc, underneath the fifth root, there seemed to be an area of degeneration. A

window was cut in the fourth disc at this point, and a piece of somewhat hard and degenerated material was

removed with a pituitary forceps. Preparations were then made to perform a low-back chip fusion, and a rasp

was hammered into the articulation joining the fourth and fifth vertebrae on the right side. A muscular con-

traction of the right buttock and posterior thigh muscles was observed. A complete foraminotomy * was then

performed between the fourth and fifth vertebrae, with a wide opening of the intervertebral foramen. The

response to tapping disappeared completely. It was observed that the disc bulged out into the foramen where

it curved around to the lateral border of the spinal column. The protruding disc was shaved off with a scalpel,

and the fusion was carried out between the fourth and fifth lumbar vertebrae.

This patient was discharged from the Hospital on the fifteenth postoperative day. He returned to wor

in April, three months follondng operation, and was last examined on May 3, 1946.

This case presented interesting features. The bulge of the fourth lumbar disc at its

lateral border was not discovered until a complete foraminotomy had been performed, anc

onlj^ after this procedure did the contractions of the gluteal and thigh muscles, in response

to tapping on the articulation, cease.

The authors are convinced that they would not have relieved the compressing mec i

anism Avhich was producing the sciatic pain unless the observation of the muscle leaction

to the tap on the articular process had given the clue to the presence of pathological changca

in the underl5dng foramen.

C.\SE 2. G. D., an e.x-serviceman, aged twenty-one, who was admitted to the Hospital March H,
1^^^

complained of severe pain in the lower part of the back with radiation of the pain down the posterior

of the right lower extremit3^ This discomfort had started insidiously about a year and a half previoi^^

admission, while he was a member of the Armed Forces. Physical examination showed
tlie

motion in all directions, positive straight-leg raising tests on both sides, and a diminished ankle jer

right side.
, j.

The patient was operated upon March 20, 1946. The fourth and fifth discs were explored,

commonR found in jmung individuals, both discs were bulging. The fifth disc, however, had a very
p^^^

posterior bulge. On the right side, a window was cut in the annulus beneath the first sacral roo ,
a

disc material was removed, which, as is usuallj’^ found in the j^oung, was not degenerated. Prepar

lumbosacral fusion were then started, and a rasp w'as driven into the lumbosacral

side. There was a %dolent contraction of the left or opposite buttock and thigh muscles. The

left side was then explored. A ndndow was cut in it, and disc material w'as removed from
pcrforni'^''*

sacral nerve root, but tapping still caused the muscles to contract. A complete laminectoniy^'^

on that side, and the foramen was visualized, but still the contraction on tapping persisted. It the
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XANTHO:^IA OF THE ACHILLES TENDON *

BY MORRIS S. FRIEDMAN, M.D., CHICAGO, ILLINOIS

Xanthomatous tumors of the tendon sheaths are not uncommon, but onlj'- a few cases

have been reported in the literature in which the tumor involved the Achilles tendon. Two

cases of bilateral xanthomata of the Achilles tendon are recorded here, in both of which the

tumors were among the largest of this tj'^pe so far reported. One patient had multiple

xanthomatous lesions on the hands and feet, in addition to those of the Achilles tendon.

The second patient had isolated tumors of both heel cords.

CASE REPORTS

Case 1. A white woman, fortj'-five years of age, was admitted to the Illinois Research Hospitalf in

April 193S, complaining of pain in the fingers and painful swelling of both heel cords. Ten years previously

her attention had first been called to a small growth in the lower part of each Achilles tendon. These masses

gradually enlarged and became painful. About three j^ears before admission, a small painful tumor appeared

on the left big toe; and subsequently several small tumor masses gradually appeared on the fingers of botli

hands. The past history and the famil}' history were non-eontributoiy.

Physical e.xamination showed the patient to be a moderately obese, middle-aged white woman. Several

small yellow plaques were present on both lower e3'elids. On the e-xtensor surfaces of the fingers of both hands

were multiple small, hard, jmllowish-brown tumors, which varied in size from 0.5 by 1 centimeter to 1.5 by

3 centimeters. Somewhat larger tumors were present on the extensor surfaces of both big toes and over both

patellar tendons. Both Achilles tendons were enlarged about three to four times the normal size. The tendons

felt hard and nodular, and were somewhat tender. The motion in the ankle joints was um’estricted.

The blood count and urine were normal. The blood-chemistry findings were as follows: sugar 118 milli-

grams, chole ^"lol 620 milligrams, and uidc acid 4.5 milligrams per 100 cubic centimeters. The Wassermann

reaction oi the blood was negative.

On April 20, 1938, both Achilles tendons were explored. Each tendon was found to be infiltrated by a

yellonish, hard, nodular mass, extending from the musculotendinous junction to the calcaneus. The greater

part of this mass was resected in both legs. After the operation, the wounds healed per primain. The pam in

the fingers was relieved by a few treatments with deep roentgen rays.

Microscopic examination of the tumor tissue disclosed collections of polyhedral cells, vith abundan

pale vesicular foamj' cj'toplasm and small irregularly shaped nuclei. The stroma consisted of oval stroma

cells, with slighth’ granular cj’toplasm and oval nuclei. Numerous vesicular lipoid-filled spaces were scattercc

throughout the tissues. The blood vessels were abundant. A few giant cells were found near areas of hem

orrhage. The tumor was sm-rounded bj’ a well-defined fibrous capsule, extending from which numerous

fibrous septa subdir’ided the tumor into lobules. The microscopic diagnosis was xanthomata.

During the next four j'ears, ten tumors of varying sizes were removed from the fingers, toes, and e ottSj

The largest of these, taken from the right triceps tendon, was the size of a hen’s egg. The tumors were

because thej’ were causing pain. The microscopic picture of these lesions was identical rvith that just desen c

The blood cholesterol varied from 384 to 800 milligrams per 100 cubic centimeters.
_

Late in 1942. the patient again complained of pain and enlargement of both heel cords. In Februarj

the Achilles tendons were explored. Again the tendons were found to be diffusely infiltrated by a jc

nodular mass, extremelj' fibrotic for the most part, except for a few areas of caseous softening. The
j

part of the tendon was resected, leaving onij’ a thin strip of tendon. The wounds broke down repeatc y

'

healed verj’ slowlj-. Tlie plantar-flexion power, weak at fii’st, gradually Increased as the reseetc

were replaced by thick scar tissue, and as the posterior tibial muscles and peronaei became mcrcasi

stronger plantar flexors.
hcakd

Wlien the patient was last seen, in January 1945, she had no pain in her legs. The wounds I'cre
^

A thick fibrous cord was palpable at the site of each Achilles tendon. There was a mild bilatera

deformit}’. The ankles could be dorsiflexed to 100 degi’ees. Plantar flexion was strong enough to ena J e

stand on her tiptoes. Her gait was normal.

Case 2. A white' woman, thirty-seven j’ears old, was admitted to the Cook County
fir-t

ber 6, 1943, because of progressive enlargement of both heel cords. Nine j’ears before admission, s i

noticed a small, hard swelling over the lower part of each Achilles tendon. These masses gradua J
j

in size, until thej’ extended as high as the middle third of the leg. The patient did not comp a'" o

* Read befoie the Chicago Orthopaedic Societj', Februarj’ 8, 1946.

t Service of Fred W. Hark, M.D.
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AN OPERATION FOR OLD UNREDUCED BENNETT’S FRACTURE

BY JOHN R. VASKO, M.D., OAKLAND, CALIFORNIA

Tlie old unreduced Bennett’s fracture is frequently a very disabling condition,

because of the deformity i^resent and the resulting traumatic arthritis. It is characterized

by weakness of the grip, pain upon motion, and a prominent carpometacarpal joint,

caused by swelling and the dorsal metacarpal dislocation. In the author’s experience, all

the unreduced Bennett’s fractures produced sj'-mptoms, the severity of which depended

upon the patient’s occupation and mental state. Since the unreduced fracture-dislocation

is accompanied by traumatic arthritis, the symptoms are unlikely to improve greatly until

the faulty mechanics have been corrected b3'' a surgical reconstruction. The perfect restora-

tion must be a plij'-siological one, and must return the finger to normal anatomically. A
successful technique, which meets these requirements and which has resulted in strong and

painless hands, is presented.

ANATOMY *

The base of the first metacarpal articulates with the greater multangular and is saddle-

shaped, fitting over the multangular. The metacarpal is held in place chiefly by the capsular

ligament, which is stronger in certain places because of thickened portions or bands. Three

of these bands are located on the volar surface, connecting the greater multangular and the

first metacarpal, the largest of them being inserted into the palmar portion of the saddle of

the metacarpal (Fig. 1). It is this ligament, whose chief function is to prevent a radial dis-

location of the metacarpal, which becomes inactive in a Bennett’s fracture, because the

fracture occurs distally to the ligament’s insertion into the process (Fig. 2).

The only muscles which are inserted into the base of the first metacarpal, and which
therefore might influence the dislocation of the base in a Bennett’s fracture, are three : the

flexor pollicis brevis, the abductor pollicis longus, and the opponens pollicis. Only the

pro.ximal fibers of the flexor pollicis brevis are inserted near the base; the larger portion of

the muscle has its insertion distally into the first metacarpal. Hence its effect upon the base
during a dislocation would be rninimum, as its chief actions are to flex, abduct, and rotate

inward the metacarpal of the thumb; flex the first phalanx; and extend the second phalanx.

The opponens pollicis has its insertion along the whole lateral border of the volar
surface of the shaft and head of the first metacarpal; and its main action is to flex, abduct,
and rotate inward the first metacarpal.

The abductor pollicis longus is inserted into the radial side of the base of the first

metacarpal. Its actions are to cany the first metacarpal radialward and forward, and at
the height of its contraction it flexes the hand at the wrist. It is also a weak supinator of

the forearm.

It is thus seen that none of the only three muscles which ai’e inserted into the base of

the first metacarpal are very effective in preventing a radial dislocation of the base; and
one of them, the abductor pollicis longus, tends to assist such a dislocation. The onB^ effec-

tive control of such a dislocation, therefore, is the radiall}’' placed thickened band of the
ligamentous capsule; when this has been made inactive bj'^ fracture, dislocation occurs,
being assisted bj'' the abductor pollicis longus.

PATHOLOGY

In a fresh Bennett’s fracture the palmar portion of the base of the first metacarpal
is broken off; an outward dislocation of the base occurs; and there is some degree of tearing
of the carpometacarpal ligamentous capsule (Pig. 2). In the old case, the two bone frag-

VOI,. 29. XO. 3. JULY 1947



762 M. S. FRIEDMAN

ported a similar lesion on a finger. These early writers called the lesions m3"elomata or

sarcomata. Heurtaux, in 1891, was the first to differentiate these lesions from sarcomata.

Tourneux, in 1913. collected from the literature ninet3"-three cases of tendon-sheath tu-

mors, which he called sarcomata of the tendons sheaths. Only eight of these tumors were on

the lower extremities, and none was in connection with the tendo calcaneus. Harbitz

classified these growths as real tumors, probably sarcomata of comparativel3
^ benign

nature. All the later writers, however, agree that the lesions are benign.

Onl3
’ a few cases of xanthoma of the Achilles tendon have been recorded. Ollerenshaw

described an eighteen-3'ear-old girl with xanthomata of both Achilles tendons and xanthe-

lasma on the right arm. He resected the tendons, and he reported no recurrence three

3'ears after the operation. McWhorter and Weeks described a negro, thirty-nine 3mars of

age, with a blood cholesterol of 600 milligrams, generalized xanthomatous lesions, and

involvement of both Achilles tendons. The3
'' excised the tendons and reconstructed them

with fascia lata. Young and Harris reported a woman of twenty-one with veiy marked

enlargement of both Achilles tendons, ivhich were diffusely infiltrated b3
'' xanthomata.

These authors also excised both tendons and reconstructed them vdth strips of fascia

lata. Gallowa3’’, Broders, and Ghormle3'', in 1940, reported seventy patients who had a

total of eight3’--eight xanthomata of the tendon sheaths and s3movial membrane. Of tlie

sixt3’--five patients with tendon-sheath tumors, onl3
’- four, all females, had lesions in the

tendo calcaneus; and in three, the lesions were bilateral. All four patients had xanthomata

at sites other than the Achilles tendon,—mainly on the hands and feet.

INCIDENCE

Gallowa3', Broders, and Ghormley, in an excellent review of the subject, found 274

cases of xanthomata of the tendon sheaths reported in the literatui’e from 1860 to 1938;

to these the3’ added sixt3f-five cases of their own. Jaffe, Lichtenstein, a,nd Sutro, in 1941,

reported fift3’’-five additional cases. The sex and age incidence and the location of these

lesions have been similar in the approximately 400 cases thus far reported. About 60 per

cent, of the patients were females, and 40 per cent, were males. Tumors of the Achilles

tendon, few as there were, were almost entirely confined to females. The usual age was the

third or fourth decade, the average being forty years. The youngest patient reported ^'as

five 3’ears old; the oldest, eighty-two 3'’ears.

LOCATION

The lesions were two or three times as common in the upper as in the lower extremity

The majorit3’’ of the tumors were located in the tendons of the wrist and fingers. About

per cent, of the tumors in the wrist and fingers ivere found on the flexor surface, an

^

per cent, on the extensor surface. In the lower extremity, most of the lesions vere a ou^

the foot and ankle, mainb’’ on the extensor surface. Most of the patients had onb’’ a -me

lesion, but in a few there were multiple tumors in one or more tendon sheaths.

SIZE

There was a wide range in the size of these tumors. Among the largest lesions
described

were those involving the Achilles tendon. The tumors described by Young an
^

measured twent3^-two centimeters on the left leg and fourteen centimeters on the ngj^

One of the most extensive lesions found ivas that reported by Cristol and Gill,

tient, a man, aged fort3’’-six 3’’ears, had such an extensive involvement of all t e
^

and soft tissues of the lower third of the leg and foot that amputation was

smallest tumors were found on the fingers, some of these being 0.5 centimeter
ju

The size of the average tumor in the upper e.xtremity was one by two centimeters,

the lower extremit3" was four b3’' five centimeters. In general, the more perip 1

cation of the lesion, the smaller was its' si""
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Fig. 4-A Fig. 4-B

Fig. 4-A : Preoperative roentgenogram of unreduced Bennett’s fracture, illustrating the dislocation and
malunion.

Fig. 4-B; Roentgenogram taken after operation shows reduction of the fracture-dislocation and
restoration of the metacarpal mortise.

pollicis and flexor pollicis brevis are then stripped off, so that the carpometacarpal joint is

exposed on the palmar side. Care must now be exercised in exposing the fracture site, as that

part of the capsule attached to the smaller fragment must not be cut. A small linear inci-

sion is made into the capsule over the fracture site, where it is usually found that the smaller

fragment has united distallj^ to the normal position. Separation of the malunited bone is

made vith a small osteotome, and two small drill holes are than placed in the smaller

fragment. This must be done with care, so as to avoid fragmentation. A drill hole is then

made in the base of the metacarpal, from the dorsal to the volar surface. By abduction of

the thumb and the application of pressure on the base to reduce the dislocation, the mortise

is restored. Reduction of the fracture is maintained with a mattress suture of cotton, No.
24. This runs through the drill holes and is tied on the dorsum, after including the perios-

teum on each side, at the same time abducting the thumb (Fig. 3). This abduction and in-

ward pressure of the base of the metacarpal must be maintained during the rest of the

operation and the cast application, because there is a tendencj'- for the dislocation to

recur, owing to the contracted capsule on the radial side of the joint.

After closure, a gauntlet type of cast is applied, with the thumb included down to the
interphalangeal joint. The cast is left on for four weeks, after which gradual active motion
is begun.
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wliicli arise from the sjmovial membrane of the tendon sheath. These tumors, ]\Iortou

states, are closed related to tumors of joints and bursae. If these lesions are neoplasms,

they are certainly benign. As far as the writer knows, there has been no report of malig-

nant degeneration or metastasis from these tumors.

The theory that xanthomata of tendon sheaths are of inflammatory origin was first

proposed bj* Dor in 1898. Later writers supported his views. Mason and Woolston believed

that these lesions represent a chronic inflammatory reaction to different irritants. Jaffe and

his associates stated that xanthomata of tendon sheaths and synovial membrane represent

an inflammatory reaction, the cause of -which is unknovm. They called attention to the

presence of inflammatory elements, such as the phagocytic macrophages, collagen, and

hyaline fibers, as evidence of the inflammatoiy nature of these lesions. They stated furtlier

that the inflammatory reaction is caused by neither repeated local hemorrhage nor bac-

teria. Cultures of the lesions showed no infectious organisms. Lipoid imbalance is also

discounted by these authors as an etiological factor.

A disturbance in the metabolism of cholesterol has long been held as the underlying

cause of xanthomatous tumors. Pinkus and Pick -were the first to call attention to the

lypercholesteraemia often associated with xanthomata. They stated that cholesterol

infiltration takes place because of an increased cholesterol supply from the blood. Gallo-

way, Broders, and Ghormle5
'- are firm adherents of this theory of cholesterol imbalance.

They state that the primary factor in the pathogenesis of xanthomata of tendon sheath':

and synovial membrane of joints, whether single or multiple, is a disturbance in the

cholesterol finetabolism. There is either an increase in the absolute value of the blood

cholesterol or a change in the ratio of cholesterol to cholesterol ester. These authors believe

that the contributoiy factors in the formation of xanthomata are trauma and infection at

the site of the lesion. About 40 per cent, of their patients gave a history of trauma, and 23

per cent, had had local infections.

There are those who believe that hypercholesteraemia is an important factor in the

pathogenesis of certain types of xanthomata, but not of all. Stewart divided these lesions

into those which were associated with an elevated blood cholesterol and those which were

not. Young and Harris differentiated two groups of xanthomata, histologicall}:- identical,

but clinicalh' different. There is the group described as “xanthoma tuberosum multiple.v ,

in which, in addition to tumors of the tendon sheaths, there are multiple xanthomatous

plaques or patches on the skin and on the eyelids. Hypercholesteraemia is almost ah'ajs

present in this group. (The first patient reported here, with a blood cholesterol as higli a-

800, would belong in this group.) Isolated xanthomata of tendon sheaths comprise anot icr

group. Patients with these lesions have normal blood cholesterols. (The second paticn

described in this paper, except for the slight increase in blood cholesterol, would fit in n

this group.) I'oung and Harris considered trauma as an important causative factor m

pathogenesis of isolated xanthomata. This differentiation of two types of

lesions reminds one of the interesting analogy drawn by Morton between hypercho'^l’

aemia and xanthomata of tendon sheaths, and hyperparathyroidism and solitary m

evsts.

The writer does not agree with the contention of Galloway, Broders, and

that an increase in the blood cholesterol or a change in the ratio of cholesterol to cho cs

ester is the primarj" etiological factor in the pathogenesis of xanthomata. Most pa

with multiple xanthomata do have a high blood cholesterol. Rosenthal and Brau^^^^^

however, reported a case of “xanthomamiultiplex”, in which the blood cholestero '
*

j

mal. Patients vith isolated xanthomata, on the other hand, usualty have a

cholesterol. The cases reported by Alason and Woolston, Ragins, Young and arr

Jaffe, Lichtenstein, and Sutro had no increase in the blood cholesterol. It
jjj^h

that, whatever the relationship between xanthomata and cholesterol metabo i-iHi

blood cholesterol is not a prerequisite for the formation of these lesions.

Tr^r•T,V.T nr-
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Figs. 5 and 6: Su-
ture of skin edges to

each other and to flap.

Note that web lias

been advanced.
Fig. 7: Plantar as-

pect; shows remaining
defect.

Fig. S: Method of

raising flap.

Fig. 9: Flap has
been raised.

Fig. 10: Flap has been mobilized and sutured.

skin flap, advancing the web distal to the underlying impinging normal bone. This

operation has been performed on twenty toes, although the total number of patients was

seventeen, as three cases were bilateral. All results were gratifying. In one case, necrosis

developed in the flap; but the area became epithelialized and the web remained advanced.

The operation consists of (a) excising the painful interdigital clavus; (b) turning up
a skin flap from the lateral aspect of the fourth toe; and (c) forming a sliding skin flap

on the plantar aspect of the foot at the base of the fourth toe.

OPERATIVE PROCEDURE

Following excision of the soft corn on the fifth toe, a skin flap is turned up on the

lateral aspect of the fourth toe, based distallj'-, and is sutured to the distal edge of the

skin from which the clavus has been removed (Figs. 1, 2, 3, and 4). Three interrupted

silk sutures are sufficient for this step of the operation. The free dorsal edges of the

wound on the fourth and fifth toes are then sutured together and to the free dorsal edge
of the skin flap, forming a Y closure (Figs. 5 and 6). On the sole of the foot, from the base
of the fifth toe in the lateral re-entrant angle of the still open plantar wound, an incision,

three-quarters of an inch long, extending proximally, is made. The skin flap is then
undermined and mobilized, thus simply effecting a closure of the plantar defect (Figs.

7, 8, 9, and 10).

. The sutures are usuallj’- removed at the end of ten days. Frequent dressings are ad-

vised, beginning as earlj'’ as the second da3
’' after operation. This keeps the wound dr^”^

and prevents maceration of the tissues, so common to the interdigital areas. With the
operation described, convalescence is .shortened. After removal of the sutures, tlie patient
is able to walk without pain. After this operation, there is no possible danger of recurrence.

In the experience of the authors, it offers distinct advantages over the conventional
operation.
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OBSCURE MECHANISMS OP NERVE-ROOT COMPRESSION 759

apparent that the disc had bulged out into the foramen and had

pressed the fifth root up against the pedicle and articular process

of the fifth vertebra. When this pedicle had been partially re-

moved, the response to tapping ceased. After the nerve roots had

been covered with fat, a lumbosacral chip fusion was performed.

The patient remained in the Hospital about thirty-eight days

and was last seen on July 10, 1946. His original complaints had

entirely disappeared, and he was told to return to light work.

In reviewing this case, the authors felt that this

was the second case in whicli tapping on the articular

processes revealed the site of pathological changes. It

also showed a new mechanism of root compression,

—

namely, a compression of the nerve root in the foramen

by a bulging disc which pressed the nerve root against

the pedicle and articular process of the sup&rior vertebra (in this case the fifth lumbar

vertebra).

Many times, in performing what they consider to be a complete foraminotomy, the

authors have removed a portion of the inferior pedicle. They feel that they have located, in

this second case, a mechanism of foraminal-root pressure, formerly overlooked. Explora-

tion with a probe or with a catheter and stylet would not reveal this type of compression in

the foramen, because, in this case, there was plenty of room distal to the root in the fora-

men. It would seem that actual visualization of the nerve root and the disc in the foramen
is necessary before one can consider a segment to be explored thoroughly.

These two cases illustrate the value of tapping on the articular processes to determine

whether or not there is a compression of the roots in the foramina. Our present routine in

operating upon the low-back region is, after the exposure of the spinous processes and
laminae, to test the mobility of the segments exposed, and then to carry out the tapping

procedure.

Fig. 1

Shows the mechanism of compression
as found in Case 2.
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some osteoclasts. In some cases the osteoblasts and' other mesenchjTOal elements are of

normal appearance, but in other cases the cells are big, irregular, and verj'- numerous, with

hyperchromatic nuclei which exhibit some mitosis. In the osteoid osteoma of the rib, the

reactive periosteal bone was broken through in one area, although there was no invasion

of the surrounding soft tissues. The osteoid osteoma is usuall}'’ sharply demarcated from

the surrounding sclerotic bone. Inflammatory cells are absent. Cultures for organisms,

performed routineh" in connection with the biopsies of these patients, have always been

negative. Alt of the laboratory studies of the blood have also been negative.

Clinically and roentgenographically, the osteoid osteoma appears to be a lesion of in-

flammatory, rather than neoplastic, origin. This point of view was well elaborated and

defended by Mondolfo in 1938 and by Brailsford in 1942. However, the typical histological

appearance of the lesion, the complete absence of inflammatory cells, and the negative

smear and culture make us believe, with Jaffe, that we are dealing with a benign neo-

plastic formation. There is no doubt that many cases, presented in the literature as proof

that the osteoid osteoma is a lesion of inflammatory origin, are in reality examples of

localized low-grade o.steomyelitis and not of osteoid osteoma-' '.

This series indicates that the treatment of osteoid osteoma must be b}' an extensive

block resection of the lesion, including a large portion of the suiTOunding sclerotic bone.

The tumor and the s3'^mptoms have recurred in those patients whose le.sions v'ere treated

b.v curettage or incomplete excision. The osteoid osteoma in the phalanx of one of the

patients was excochleated twice, and recurred each time. On the other hand, in those

patients whose lesions had been totallj' excised, the tumors did not recur and the s3
’’mptoms

completely disappeared.

C'a«e 1, 33^. 33^. A twelve-.vear-old boj' was seen in September 1944, complaining of pain in the lo«er left

thoracic region and inabilit}' to straighten up. Both complaints were progressive, and had been present or

nine months. The pain was dull and boring in character, and became worse at night. The patient s dies i*

been immobilized bv' binding with adhesive tape, which gave no relief. His past history and family his or)

were non-contributory. . ..

Phy.«ical examination revealed a long C curve of the spine, concave to the left, with an area of c.xqinsi c

tenderness over the ninth left rib in the paravertebral area. The pelvis and shoulders were level, am

lower extremities were of equal length and circumference. All reflexes and sensations were physiologira
•

^
Two tuberculin tests, an agglutination test for Malta fever, and a 3Vassermann reaction were

The blood counts were normal. The roentgenograms showed expansion of the ninth left rib at t ic

vertebral jimction. There was a central, irregularlj' dense nidus surrounded by a translucent ring,

some bone sclerosis (Fig. 1-A). .
,•

About five centimeters of f

rib was resected in November •

tumor measured 1 by 2.5 centimeters, «

was made up of a sclerotic, whitish, "cfe

bony mass. This was covered 3

appearing but expanded cortica one,

was slightly eroded in one sma area.

was no gross evidence
pC/.

cultures were negative (1 ig- •
, j

Complete relief of pain wasf
the muscle spasm rapidly subs^c ''

sequent obliteration of the c

patient was seen in July 1940 at the

and had no sj^mptoms.

Case 2, L. M. An cleven-year^^><^

girl entered the Hospital on P
,.| pdit

complaining of pain and swelling of IP

ankle of nine months’ duration.

Fig. 1-A
_

Case 1, 33^ 33’. Osteoid osteoma of the ninth rib. Notice

C curve and rotation of vertebra.

symp-

toms followed a

progressive in severity-, and

with rest. The pain was osteocopic in qu

4 T T>,
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liad no liniji. She bought medical advice merely for cosmetic icasons. There was no history of injury to either

leg. Her past history was essentially negative.

Physical examination was negative, except for the very unusual appearance of her legs. On the posterior

-aspect of each leg was a large bulging sausage-shaped mass, extending from the lower calf region to the heel

(Fig. 1-A). The masses were hard and nodular, but not tender to palpation. On the right leg the mass meas-

ured S centimeters in width and 23 centimeters in length, and on the left side it measured 7 by 20 centimeters.

There was no restriction of plantar flexion or dorsiflexion in the ankle joint. No other tumor masses or nodules

were found. A roentgenogram of tlie leg showed no bone changes. A diagnosis of bilateral xanthoma of the

Achilles tendon was made.

The blood count and urine were normal. The blood cholesterol was 245 milligrams and the cholesterol

esters 142 milligrams per 100 cubic centimetcis.

On December 9, 1913, both Achilles tendons were explored. Each tendon was about five or six times its

normal size. The entire tendinous structure was infiltrated by sclerotic, bright yellow fibrous tissue, and was

studded with nodules of varying sizes and shapes (Fig. 1-B). The nodules presented a variety of shades

including golden yellow, ocher yellow, and yellowish biowm. No normal tendon tissue was present. On the

surface of the lower part of the tendon were two or three areas of softening, with a caseous consistency. The
greater par t of the tendon was cut away in the frontal plane, so that the remainder approached the normal

size. Wound healing was delayed until four weeks after the operation. The patient gradually began weight-

bearing, and six weeks after the operation she was sent home.

On subsequent follow-up visits to the Out-Patient Clinic, the patient eomplained only of mild aehe and

pain in the calves. There was some tenderness and induration along the lower part of the Achilles tendons,

and slight shortening of the heel cords. Wien last seen, in June 1945, the patient had no pain and no limp.

There was onlj' slight residual equinus deformit3^ She was able to stand on her toes. The Achilles tendons

were slightly enlarged, but thej’’ apparentlj' had not increased in size since they were resected.

The histological examination of the tumois levealcd a lobulated structure, containing large deposits of

cholesterol. In some areas, the cholesterol deposits were surrounded bj”^ multinucleated giant cells. The
lobules were demarcated by a proliferation of a collagenous type of connective tissue, which was more or less

acellular except for the regions adjacent to the blood vessels. In these areas, the collagenous tissue was more
cellular; and imbedded among the fibers were small nests of foam cells. In the periphery of the nodule, the

tissue was more cellular and contained numerous large nests of foam cells.

HISTORICAL REVIEW

The first report of a true giant-cell tumor of a tendon sheath was made by Broca, in

1860; he described a lesion on the hand of a twenty-j^ear-old woman. Czerny, in 1869, re-

Fig. 1-A Fig. 1-B

Photograph of tumor of Achilles tendon.
iMg. l-H. Appearance of Achilles tendon at time of operation.



Fig. 2-A Fig. 2-B

Case 2, L M. Roentgenogram and photomicrograph of an osteoid osteoma of the calcaneus. {Fig. 2-A repro-

duced by pernusswn of Ainerican Aledical Association from Archives of Surgery^.)

The tubciculin test and a Wassermann test were negative. Blood counts were normal. Roentgenogram'

showed a lesion m the anterosuperior portion of the calcaneus with a dense cential nidus, surrounded by a

tianslucent ring and a zone of reactive bone sclerosis (Fig. 2-A).

The lesion was considered to be infiammatoiy. At operation on May 1, 1933, the cartilage over the antcro-

superior surface of the calcaneus was found to be eroded, and the underlying bone was dark red. No ini'

vas encountered. The lesion was curetted out and the wound was closed, but no relief was obtained. Sub'o-

quent roentgenograms revealed that the lesion was still present. A block resection, with fusion of the subtalar

joint, was done on November 11, 1935. A sclerotic area was seen in the anterior portion of the calcaneus. Tlie

Fig. 3-A

Case 3, F. S. M. Roentgenograms of an osteoid osteoma of the tibia.
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DURATION

Xanthoma of the tendon sheaths grows rather slowly. The duration of the lesions

varied from one month to twenty-eight years, the average duration being about five years.

In most cases, there was no pain or disability. The patient sought medical attention chiefly

for cosmetic reasons. Pain and interference with function were occasional symptoms,

caused by impingement of a nerve or the large size of the lesion.

PATHOLOGICAL FINDINGS

Grossly, these lesions are lobulated, well encapsulated, and have a firm fibrous con-

sistency. They often present a variety of shades from yellow to yellowish brown, which

are the result of deposits of lipoid and hemosiderin. The cut surface is hard. Fibrous strands

extend from the capsule into the tumor, dividing it into lobules.

Microscopically, certain elements are almost invariably present,—that is, the typical

xanthoma or foam cells, stroma cells, giant cells, fibrous tissue, cholesterol, and hemosiderin

deposits. The xanthoma cells vaiy in number in different parts of the lesion. This cell has

a foamy or bubble-like cytoplasm, with a small round pj’-knotic nucleus'. The foamy ap-

pearance of the cytoplasm is due to intracellular lipoid deposits, mainlj'' cholesterol. The

stroma cell, spindle or oval in' shape, has a faintly pink homogeneous or slightly granular

cytoplasm and a pale oval nucleus. This cell resembles an endothelial cell. A few small

globules of fat may be seen in the stroma cells. De Santo and Wilson, by means of fat stains,

found various stages of transition of these stroma cells into foam cells. They state that

“the foam cells are merely stroma cells laden with cholesterol”. Similarly Jaffe, Lichten-

stein, and Sutro believe that the stroma cells take up lipoids and become transformed into

foam cells and even giant cells. Giant cells vary greatly in number in different lesions. They
are essentially phagocjdes and they are found mainly near areas of hemorrhage, deposits of

blood pigment, or cholesterol. These giant cells resemble those of giant-cell tumors of bone.

The nuclei vary in number from five to forty or more. The nuclei are so similar to those of

stroma cells that most writers believe that the giant cells are derived from stroma cells,

probably from a fusion of the latter.

Hemosiderin is found as yellow or brown particles in all three cell types, mainly in-

tracellularly and occasionally extracellularly. The'amount of hemosiderin present depends
upon the amount of local hemorrhage and resulting disintegration of red blood cells.

Cholesterol and its fatty-acid esters, found mainly intracellularly in the foam cells and to a
lesser extent extracellularly (cholesterol clefts), constitute the chief fat content of xan-

thomata. Ragins states that the cholesterol is liberated by the degeneration of red blood
cells, follovdng hemorrhage into the tumor. De Santo and Wilson state that, just as the
cholesterol causes the transformation of stroma cells into foam cells, so the hemosiderin
changes the stroma cells into pigmented cells (macrophages).

One concludes, therefore, that the three important cell types of xanthomatous lesions

are all closely related, and that the stroma cell is the “mother cell” of the foam cell and
the giant cell. The stroma cell resembles an endothelial cell and is undoubtedly derived
from the reticulo-endothelial system. The aflBnity of reticular cells for fat and pigment
particles was shown long ago by Aschoff and his followers. Anitschkow, one of Aschoff's
pupils, produced foam cells by feeding cholesterol to rabbits. He also showed that the
same cells Avhich changed into foam cells also took up d5’^es.

PATHOGENESIS

The nature.of xanthomatous lesions of the tendon sheaths has long been a subject of
controvers3^ Thej^ have been described as true neoplasms, as inflammator3^. lesions, as
representing reaction to local trauma or infection, and as the result of a disturbed choles-
terol metabolism. King, Morton, and Ragins belieim that .xanthomata are true neoplasm^

VOL. 29. XO. 3. JULY 1947
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nnd cultures were negative. The pain was not relieved, and subsequent roentgenograms showed that tlio

process was still present. A block resection was performed in Ma3
’^ 1942. This block was formed of markedlv

sclerotic cortical bone, vdth a central nidus of softer, irregular bonj' material. Cultures and smear again wore

negative. A tj-pical osteoid osteoma was discovered during the microscopic studj’ of the material obtained at

both operations. Complete relief of pain was obtained after the second operation. The patient was last seen

in June 1946. and was entirelj' free of sjmiptoms.

Case 4. D. S. A two-j’ear-old girl was seen on April 21, 1933. Her parents stated that she had been rcstles^

and had had a lump on her left leg for one j’ear. These sj’mptoms were progressing. For the last six months

the child had limped after her afternoon nap until she “limbered up”. Her past historj' and famil)' history

were no7i-contributory.

Physical examination disclosed a fusiform, unifornity hard swelling over the upper third of the antcio-

mcdial aspect of the left tibia. There was slight increase of local heat, but no discoloration. Atrophy of oik-

inch was present in the left thigh. The patient had free and painless motion of the hip, knee, and ankle. TIkio

was a medial bowing of the tibia.

The tuberculin and Wassermann tests were negative. Blood counts were normal. The roentgenogram-

showed a cortical nidus with a wide zone of reactive sclerosis on the anteromedial surface of the upper tliird

of the left tibia (Fig 4-A).

The lesion was considered to be inflammatory-. An Orr drainage was performed on May 1, 1933. The

bone was sclerotic and no pus was obtained. Smear and culture were negative. Pain was relieved for one year,

and then recurred. Subsequent roentgenograms revealed that the lesion was still present. A block resection of

the area was done on June 4, 1934. A cardty containing a fingernail-sized “sequestrum”, but no pus, was

encountered. Examination of the pathological specimen disclosed the supposed sequestrum to bo an osteoid

osteoma. Complete relief of pain was obtained after the second operation. The patient was last heard from

in March 1946, and had no sj-mptoms.

Case 5, P. J. B. A nine-year-old girl was seen in Maj- 1942, complaining of a painful enlargement of her

right index finger of one year’s duration. The patient stated that there had been verj-' little pain at first.

ms.

Fig. 4-A

Case 4, D. S. Roentgenogram and photomicrograph of an osteoid osteoma
tibia. Xotice the medial bowing of the tibia.

Fig. 4-B

steoma of the medial aspec
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The writer believes that xanthomata are the result primarily of a disturbed cholesterol

metabolism. He believes, however, that this is a local cellular disturbance, and not a gen-

eralized one associated with hypercholesteraemia. Thannhauser and Magendantz were

the first to propose the theory of a local cellular disturbance of cholesterol metabolism as

the underlying cause for the pathogenesis of xanthomata. They stated that “essential

xanthomatosis is a cellular disease of reticulum cells caused by an intracellular disorder of

their cholesterol metabolism”. This theory of a local disturbance of cholesterol metabolism

differs from the hypothesis of a generalized cholesterol imbalance in the concept of a pri-

mary intracellular disturbance of cholesterol metabolism, rather than an extracellular

excess of the lipoid in the blood stream, causing a Secondary deposition of cholesterol in

the reticulo-endothelial cells.

Thannhauser and Magendantz classify xanthomatous disease under three main

groups: (1) primaiy essential xanthomatosis, (2) secondary xanthomatosis, and (3) lo-

calized xanthoma-cell formation in true tumors. They divide primary essential xanthoma-

tosis into two types,—first, the hypercholesteraemic type, to which belong xanthomata

tuberosa of the skin and xanthomata of tendon sheaths; and, second, the normocholester-

aemic type, to which belong the isolated osseous xanthomata of the skull and pelvis. This

writer would add, to the normocholesteraemic type, the isolated xanthomata of tendon

sheaths. Histologically the lesions are the same as in the hypercholesteraemic and nor-

mocholesteraemic types. The underlying etiological factor in both of these groups, accord-

ing to Thannhauser and Magendantz, is an intracellular disturbance of cholesterol metabo-

lism. Thej’’ state that secondaiy xanthomatosis, as exemplified by xanthoma diabeticorum,

is a symptom of lipaemia. Xanthoma diabeticorum also differs from essential xanthoma-

tosis histologically. In the former condition, there are no foam cells and the cholesterol is

extracellular. As further evidence in support of their theory of an intracellular metabolic

disorder of the' reticular cells, Thannhauser and Magendantz point to the formation of

xanthoma cells in localized tumors, such as nevoxantho-endothelioma and fibrosarcoxan-

thoma, lesions which are entirely unrelated to essential xanthomatosis.

Another factor in the pathogenesis of xanthomata of tendons is trauma,—usually not

sudden, severe trauma, but rather minor repeated injuries. All of the lesions of the Achilles

tendons described here had their origin in the lower part of the heel cord, which is subject

to constant repeated traumata from the back of the shoe. The fact that the majority of

xanthomata of the tendons are found on the wrist and fingers, which are constantly subject

to minor repeated injuries, would also point to the importance of trauma as an etiological

factor in the formation of these lesions. Galloway, Broders, and Ghormley found a history

of trauma in about 40 per cent, of their cases, and Mason and Woolston found a definite

history of injury in approximatel}^ 60 per cent, of their patients.

TREATMENT

The treatment of xanthoma of the tendon sheath is excision. Most lesions maj'' be
completely removed without interfering with the tendon, but in a few cases where the
lesion is large and involves the entire tendon, as in the cases presented here, the tendon
must be excised. Recurrences are not uncommon. The incidence of recurrence in the cases

reported in the literature has been from 12 to 15 per cent. These recurrent lesions should
also be excised. Amputation is rarelj^ resorted to. A few of the recurring lesions respond to

deep roentgenotherapj'-, and this maj”- be used to prevent recurrences; but, in general,

roentgenotherapj" is of doubtful value. It is used chiefl3
'- as an adjunct to surgery, when the

entire lesion cannot be removed.
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OSTEOID OSTEOMA

BY IGNACIO PONSETI, M.D., AND CHESTER K. BARTA, M.D., IOWA CITY, IOWA

From the Department of Orthopaedic Surgery*, Slate University

of Iowa Hospitals, Iowa City

Seven patients, studied in this Clinic, had bone lesions which clinically, roentgeno-

graphically, and histopathologically corresponded exactly to the neoplastic lesion desig-

nated as “osteoid osteoma” bj’’ Jaffe®. All of these patients have now been followed for

over two years.

One patient had osteoid osteoma in a rib; this is the first published report of an

osteoid osteoma in such a location. A second patient of the authors’ series had osteoid

osteoma in the calcaneus. A report of this case was published bj’' Jaffe (Case 2) ^ in his

original paper on this condition. The lesions in the next two patients were located in the

proximal half of the tibia. In the remaining three patients, the bones involved were the

middle phalanx of the right index finger, the lower half of the left fibula, and the left ilium,

just above the acetabulum.

Three patients of this series were males and four were females. Their ages ranged

from fourteen months to twelve years. The patients gave histories of osteocopic pain of

slow onset, usually intermittent in character, and not relieved by rest; this pain had been

present from three months to one year. These symptoms followed minor traumata in only

two cases If the lesion was in the cortical portion of a bone and was located superficially,

an expansion of the cortex of the bone appeared within two or three months after the onset

of pain.

On physical examination, a small area of exquisite tenderness could always' be de-

tected. In five patients, slight local swelling was present over the elevated and tender area.

The patients had no fever, although a slight local elevation of temperature was noticed in

two cases. Some limitation of motion and muscle spasm were noted, if the tumor was
located close to a joint. Some patients, with osteoid osteomata located in the bones of the

lower extremities, had decided limps. Moderate regional muscle atrophy was seen, if the

condition was of long standing.

In addition to these general symptoms, peculiar deformities were noted in three

patients. The patient with an osteoid osteoma in the posterior end of the ninth left rib

(Case 1) had a right C curve of the spine, with marked limitation of motion, and pain and
muscle spasm of the left sacrospinalis. A fourteen-month-old child (Case 6) was brought
for consultation because of a progressive varus deformity of the ankle, produced b}’’ an
osteoid osteoma in the lower third of the fibula. In the third patient (Case 4), an inward
bowing of the tibia developed due to an osteoid osteoma in the inner aspect of the upper
part of the tibia.

The osteoid osteoma appears on roentgenograms as a small nidus-like, circumscribed

area (0.5 to 2.5 centimeters in diameter), either uniformlj’’ translucent or mottled with
irregular and sclerotic bone. It is almost always surrounded by reactive new-bone forma-
tion, which is of moderate character when the lesion is located in spongy bone, but which
becomes very pronounced when the osteoid osteoma is located in cortical bone. Usually the
older the lesion, the more marked becomes this reactive bone sclerosis.

The histological picture of osteoid osteoma is unmistakable, although variations occur
in the apparent aggressiveness of its cellular elements. The characteristic appearance is

given by an irregular network of partlj'^ calcified osteoid trabeculae. Intermingled in this
network is vascular and very cellular connective tissue with abundant osteoblasts and
*Semce of Arthur Stcindler, M.D.
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Pccuhar deformities, produced bj'’ the presence of the osteoid osteoma, were noted

in three patients. The patient with an osteoid osteoma in a rib had a total C curve of the

spine which improved and finallj^ disappeared after the removal of the lesion. A fourteen-

month-old child had a varus deformity of the ankle, produced by an osteoid osteoma in

tlie lower end of the diaphysis of the fibula. The osteoid osteoma in this patient had

o\idently stimulated the growth of the lower epiphyseal plate of the fibula. An inward

bowing of the tibia developed in the third_,patient, due to an osteoid osteoma in the inner

aspect of the upper portion of the tibia.

Mainly because of the typical histological appearance of the lesion, the authors

believe, with Jaffe, that the osteoid osteoma is a benign neoplastic formation.
Three patients (Cases 1, 6, and 7) wm’e cured by block resection of the osteoid

osteoma and surrounding area. In three patients treated by curettage of the involved aiea,

the lesion recurred (Cases 2, 3, and 4) and had to be resected in a second operation. The

Osteoid osteoma in the phalanx of one patient w^as excochleated twice and recurred. The

1 oentgenograms of this lesion have not shown essential changes in over four 3^eais.

The authors’ experience indicates that the treatment of the osteoid osteoma must

consist of an extensive block resection of the lesion, together with removal of a good dca

of the surrounding sclerotic bone.
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Fig. 1-B

Case 1. The low-power photomicrograph shows a very cellular osteogenetic connective tissue and osteoid

trabeculae forming the nidus of the osteoid osteoma of the rib. The periosteal bone is broken, but the tumor

does not penetrate it.

Fig. 1-C

Case 1. The high-power photomicrograph shows irregular osteoid trabeculae, and atypical and hyper-
chromatic cells.

and sedatives were required for sleep. Her past history and family history were non-contributory. Phj’sical

examination showed a diffuse swelling of the right ankle and hind part of the foot. There was atrophy of the
thigh of five-eighths of an inch, and calf atrophy of three-quarters of an inch. The patient’s range of ankle
motion was limited, by pain and muscle spasm, to 10 degrees of dorsiflexion and 10 degrees of plantar flexion.

Maximum tenderness was present over the sinus tarsi.
'
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Fig 1-A Fig. 1-B

I'lg 1-A- Case 1. Pieoperative i oentgenogram showing area of increased bone density surrounded

li\ area of diminished bone density in right carpal navicular bone.
, c

Fig 1-B: Roentgenogram June 18, 1946, sixteen months after operation, showing dehnite osseous un-

ion of remaining fragments of carpal navicular.

Fig. 1-C

Osteoid tissue predominates microscopic picture.

i
conta"'

very thick-walled blood vessels, whose lumina are markedlj'' reduced. In addition, the marrow spa

a moderate sprinkling of inflammatory cells.
. ession numb

i

Diagno’ih: “0.steoid osteoma of the navicular bone. (Army and Navy General Hospita acc

S-49_45. A. M. M. accession number 129817.) The culture was negative, as was the smear.

le was transferred to the Hospital on Febi’^ury ''
„

Case 2. A twenty-two-year-old white male was transierrea to me v...
-

nelliuB
"

history disclosed that for the past two years, there had been periodic pain with s ig
> advice

radiodorsal aspect of the right wrist. Prior to induction into the Service, he had .cpccim'i'

treatment for this condition. He reported to sick call May 27, 1944, and on July 6, 1 operative
pm''

was taken from the joint and a spur was removed from the side of the navicular rone.

cedure did not relieve the pain.
• m wrist. The ae^r from

Phvsieal examination of the patient was negative, with the exception of the ng
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bone was vciy haid and the maiiow was evi-

dently fibious. Complete lelief of pain was

obtained. The histological pictuie of the matc-

iial obtained at both opeiations was identical,

and levealed a typical osteoid osteoma. The

patient m as last heaid fiom in November 1937,

and was entiiely fiee of symptoms.

Case 3. F. S. hi. An eight-year-old boy

enteied the Hospital in November 1940, com-

plaining of dull, holing, intcimittent pain just

below his i ight knee, w hich was woise at night.

This pain had been pi esent for three and one-

half months, and was inci easing in seventy.

Theie was no histoiy of trauma. His past

histoiy and family history iveie non-con-

tiibutoi5'.

Phj^sical examination disclosed a slight^'

swollen, hard aiea in the upper thud of the

light leg, over the lateial boidei of the tibia.

There was exquisite tendeiness to the light of

the tibial tubeicle, with a sense of inci eased

heat in this region. Atiophy of one-half inch

was noted in the right thigh. The patient’s

gait was normal.

The tuberculin test and Wasseimann
test were negative Blood counts were nor-

mal. Roentgenograms disclosed a translucent,

irregular area in the anterolateral cortex of the tibia, surrounded by a zone of bone sclerosis (Fig. 3-A).
The lesion was considered to be inflammatory, and the On method of drainage was carried out in

Novembei 1940 Dense sclerotic bone, with a small area filled w ith a putty-hke substance, was found. Smeai

Fig. 3-B

Case 3. Section of gross specimen removed.

Fig 3-C
Case 3. Photomicrograph of specimen show n in Fig. 3-B.
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The pathologist’s report was as follows:

Gross: “There are four specimens. The first specimen consists of irregular small fragments of gnnl-Ii-

white and yellowish tissue. The second specimen is made up of two irregular fragments of dense bone. Tlio

largest measures seven by five millimeters. The third specimen consists of two small reddish-brown frag-

ments, both of which contain spicules of bone. The fourth specimen consists of five pieces of reddish-l)rottn

tissue.

Microscopic: “In sections from the sjmovia, the s3Tiovial villi arc more prominent than normal. In many

places, the outer coat of syno%'ial cells is lacking. The bulk of synovial villi consists of loose, fibrillar stroma

in which are scattered large mononuclears, a rare Ijunphocyde, and occasionally a polymorphonuclear or

plasma cell, ^ascularity does not appear to be greatty increased. The capsular tissue contains a few focal

collections of lymphocytes. These collections are small and do not possess gernunal centers. The collagenizccl

component is normal. The blood vessels show thickening of their walls with reduction of their lumina by

intimal connective-tissue proliferation. Sections from the cortex of the navicular bone near the first Ic.doii

show a condensation of osseous bars. The osseous bars are invariably marginated by osteoblasts. There is a

progressive intensification of osteoblastic acti\dty, passing from the periosteal surface toward the inner

margin. The osteogenic proliferation is likewise increased as the center of the specimen is approached. Tlicrc

is nothing to indicate inflammation. The periosteum is thickened by connective tissue and, to a less e.xtenf ,
hy

osteogenic-cell proliferation. In sections from the rarified area seen on the roentgenograms, the lesion consists

of a nidus of densified trabeculae of highly atj'’pical calcified bone. These calcified trabeculae are most ir-

regular. varying markedlj’’ in size and shape. They appear to begin nowhere and end nowhere. In other word^,

they exhibit no definite pattern of mechanical alignment. The calcified trabeculae are separated and sur-

rounded by proliferating osteogenic cells, which, for the most part, have advanced in differentiation to the

stage of osteoid tissue. The irregularity of osteoid tissue is striking. Betw'een the osteoid tissue are large

numbers of osteoclasts, sometimes applied to the osteoid tissue and sometimes nearly surrounded by osteoid

ti.'sue. The osteoclasts vary considerably^ in size and shape. This osteoid tissue fades into more mature bone.

Diagnosis: “Osteoid osteoma of the navicular bone. (Army" and Navy General Hospital accession number

S-164-45. A. M. M. accession number 132457.) Smear and culture were negative.”

DISCUSSION

In the first case, an osteoid osteoma yvas suspected preoperatively because of (lie

roentgenograms. The clinical findings were not entirelj’' those ascribed to this pathological

entity. T'he patient had local signs of inflammation,—heat, redness, and swelling.

( >1 interest u'as the finding that surgical removal of a portion of the carpal navicular

can be accomplished vith impunity’’. The case has been followed for a period of nineteen

months ; o^''eou•> ’anion of the remainingTragments is taking place, and it is probable that

the man vill have a durable wrist from the standpoint of function, since no arthritic

changes have developed in the radionavicular joint.

In the second case, the difi'erence in roentgenographic appearance—namely, osteohsi=

surrounded by 'increased bone density—is attributed to a different stage in the evolution

of the process. This fact has been pointed out by prey^ious authors. As the process develop-')

sclerosis of the bone dominates the characteristic roentgenographic findings, vhcica-j

earlier osteolysis with bone rarefaction is the rule. In this case, excision of the pathologiw

portion, vith the application of chip grafts, rather than excision of the entire nayicU ‘'‘|

bone, was the indicated procedure. Removal of the navicular bone leay^es a rather mar 'C^

incongruity of the joint surfaces, and, if the wrist is used for even mild actiydty, trauma ic

arthritis may develop, which in turn may" necessitate radiocarpal arthrodesis.
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Duilng the previous five months, however, the jiain had been dull and boring in character and progicssive

in severitj', being worse at night. Her past histoiy and family history were non-contributory.

Physical c.vaiuination disclosed a hard, fusiform, tender enlargement over the distal portion of the

proximal phalanx. There was no increase in local heat. Full motion of the finger joints was possible. The

tuberculin and Wassermann tests were negative. Blood counts were normal. The rocntgcnogi'ams revealed

a dense central medullary nidus, suriounded by a translucent circle and a zone of bone sclerosis (Fig. 5-B).

An excochleation was done on May IS, 1942. The cortical bone was very hard, and the distal half of

the marrow ca%uty was filled with a dense yellowish-white, irregular bony mass. No pus was encountered.

A smear and culture were negative. Examination of the pathological section revealed a typical osteoid

osteoma. The lesion and pain recurred shoitlj' after the patient left the Hospital, and on August 10, 1942,

she was operated upon again. A soft pinkish mass, which proved to be a recurrent osteoid osteoma, was

removed from the medullary cavity. The patient was last seen on July 23, 1946. She has had no osteocopic

pain since the second operation. The finger remained enlarged, however, and the patient has pain over the

tumor with weather changes. Slight tenderness persisted upon compression of the mass. The roentgenograms

revealed that the process was still present. Further surgerj' was advised, but was refused at that time because

the patient was moving from the state.

Case 6, J. S. G. A fourteen-month-old girl errtered the Hospital in March 1942, with a deformity of her

left ankle which had been present since she began to walk, at the age of ten months (in November 1941).

She had pain when shoes were tried on. Her past history and family history were non-contributory.

Phj'sical examination showed lateral bowing of the lower thirds of the tibia and fibula. The patient

complained when pressure was made over the fibula, just above the ankle joint. There was no increase in

local heat, and no muscle weakness could be elicited.

Laboratory examinations revealed negative tuberculin and Wassermann tests. The blood counts were

rrorraal. Cholesterol determinations were 148 and 168 milligrams per 100 cubic centimeters. The total lipids

were 811 milligrams per 100 cubic centimeters, and the lipid phosphorus was 5.4 milligrams per 100 cubic

centimeters. Roentgenograms showed a translucent area in the lower part of the fibula, with varus of the

lower parts of the tibia and fibula (Fig. 6-A).

A two-inch section of the fibula, one-half inch above the distal fibular epiphysis, was resected and

osteotomy of the tibia was performed in July 1942.

Grossly the lesion showed fusiform swelling and

thinning of the cortex to eggshell thickness. On tran-

section, an irregular cavity was found, filled with

whitish calcareous tissue. The patient was last seen

in May 1946. Her legs were equal in length, no de-

formity was present, and she had had no symptoms
since the operation.

Fig. o-B Fig.'5-C

Case 5, P. J. B. Photograph of hand on admission
in 1942.

Fig. 5-B; Roentgenogram on admission.
Fig. 5-C: Roentgenogram taken in July 1946.

Notice that the nidus is still present.
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Fig 2
Photomicrograph (X 260) sho«s presence of giant cells. (Negative No. 99261, Army Institute of

rathology
)

o s »

( iilture w as made, and the abnormal tissue was removed. With a small ronguer, the superficial opening iiai

enl.irgeii and the penphei y of the tumor was curetted. Upon irrigation of the defect with normal saline

solution the surrounding bone appeared to be normal. The wound was closed and healed per primam

^

tissue vs as submitted to the laboratories for microscopic examination and the report vv as as follov's

xamination of tissue submitted showed it to be made up of relativel}'’ cellular fibrous tissue, throughout

which were scatteied numerous multinucleated giant cells. A few' spicules of bone were found These "cre

^generating and were surrounded b}' osteoclasts. Some inflammatory cellular infiltration was present

Diagnosis Benign giant-cell tumor Culture: Negative.”
Arm}' Institute of Pathology, gathered from a series of slides sent to them, was .a

o ows. The picture, as seen in these slides, is considered to be one of reaction of bone tissue and hone

marrow to injurv . It is the consensus of the Staff that this picture differs in several respects from the aceepfe*

appearance of a true ‘benign giant-cell tumor of the bone’. The giant cells, from which the tumor dcrivf

its name, are not nearlv so conspicuous as one would wish, and the intervening stroma is composed of spin

ce s showing a marked tendency to foim collagen. In addition, there are a few areas in which osteoid fornii

tion with early calcification suggests regeneration of bone within the ‘tumor tissue’. Those features, togc iff

with the abundant pigment found throughout, suggest a reparative process following an injury, ev'cn t loug

no history of trauma can be elicited. The unusual position of this lesion in the diaphysis, close to tlic cor c i

also supports this conception, since the standard type of ‘benign giant-cell tumor’ is seen only witlim

near the metaphysis.’'

Conv alescence w as uneventful, the patient being seen at regular intervals in the Clinic. In ^

(thirteen months after curettage), roentgenograms of the right tibia were made and showed hea mfe

dense cortical bone (Fig 4).

' DISCUSSION

Cone, in 1928, described a case of ossif3''ing hematoma. He called attention to

and hemorrhage, pointing out their etiological pathology. At that time, there ^^as

fusion of terms as applied to calcifjdng hematoma, mjmsitis ossificans, ossifying hema

and abnormal osteoclasia.
^ rou'’!'*

It is recognized that in this ossifydng hematoma, proliferation of osteoclasts is
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784 J. T. HODGEN AND C. H. FHANTZ

TABLE I

Review of Cases of Subperiosteal Giant-Cell Tumors Reported in the Literature

Name of

Author

Location of

Lesion Sex

Age
(Vears)

Duration

(IFceks) Treatment

Cone Upper humerus
i

F 19 10

Geschickter and Copeland Femur M 17 6

Geschickter and Copeland Lina F 21 8 Excision

Gescliickter and Copeland Humerus F 58 2 Curettage

Geschickter and Copeland Humerus F 16 8 E.xcision

Potts Mandible M 1 6 6 Excision

Present Radius M 33 8 Excision

Hodgen and Frantz Tibia
1

F
1

15 16 Curettage

about hemorrhage and a disturbance of the normal blood supply of the hone, some-

times leading to abnormal osteoclasia or giant-cell tumor. Geschickter and Copeland

consider the initial events to be trauma and hemorrhage, followed by separation of the

periosteum. In the cortex beneath the periosteum, a disturbance in periosteal blood supply

occurs; in the periosteum itself, a healing reaction is stimulated. A mixture of giant cells

and osteitis fibrosa results. The underlying cortical bone, however, possesses sufficiently

active healing power to overcome anj’’ abnormal activity of osteoclasts and causes their

rapid regression.

By roentgenogram, these lesions are seen in the diaphysis, casting little or no shadow

and appearing as a scooped-out area within the cortex. There may be little or no periosteal

reaction and an absence of medullaiy involvement.

The age group in this type, or variant, of the giant-cell tumor differs slightly from

that of the usual epiphyseal type. Table I summarizes the eight cases taken from the

limited bibliography.

The case here reported seems to be an example of subperiosteal giant-cell tumor,

possessing the characteristics ascribed to this entit3^ Healing occurred in the cortical bone

and was recorded by^ roentgenograms made thirteen months after the operation. Potts

reported the lesion in his case to have healed with no recurrence two and one-half yeai?

after treatment by' excision.
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SOME SURGICAL ASPECTS OF OSTEOID OSTEOMA

BY MAJOR GEORGE T. WALLACE

Medical Corps, Army of the United States

From the Army a7id Navy General Hospital, Hot Springs

National Park, Arkansas

Two patients with osteoid osteoma of the carpal navicular presented themselves at

this Army General Hospital for treatment. Since, to our knowledge, osteoid osteoma oc-

curring in the carpal navicular has not been described before in the English literature, the

cases were considered of sufficient significance to- be reported. Furthermore, the surgical

problem in each was different, thus demanding different procedures.

The name “osteoid osteoma” was suggested by Jaffe in 1935, who described several

features which he believed were essential to the diagnosis. Although the disease is more

common in the long bones, it has also been found in the vertebrae, calcaneus, talus, and

other small bones. Roca described a case of osteoid osteoma of the carpal navicular in

which enucleation of the entire bone was performed.

CASE REPORTS

Case 1. A white male, aged twenty-seven, entered the Hospital on January 8, 1945, complaining of

severe pain on the radiodorsal aspect of the right wrist. He had sustained mild injury to the wrist in April

1944, while with the Armed Forces. The wrist had been taped for ten days, when treatment had been dis-

continued. He performed limited duty until November 1944, when he was given a discharge. Heat had been

applied \vith little relief, and pain was severe enough at night to prevent sleep. He had had no fever. Following

his discharge from Service, he attempted many different jobs, but was forced to give them up because of

pain, redness, and swelling in the radiodorsal aspect of the right wrist joint.

Physical examination was normal, with the exception of the right wrist. On palpation, there was definitely

increased local heat and swelling. Even light digital pressure over the carpal navicular caused marked pain.

Flexion and extension of the wrist were moderately limited, whereas radial deviation was impossible because

of pain. Routine blood and urine studies were nil normal. Roentgenograms (Fig. 1-A) revealed an oval area

of increased sclerosis, measuring about three by five millimeters, and surrounded by an area of diminished

bone density on the radial aspect of the right carpal navicular. The remaining carpal bones appeared normal,

and there were no roentgenographic signs of recent or old trauma. It was believed that the area should be

explored in an attempt to make a definite diagnosis. On January 20, 1945, a transverse incision in the line of

cleavage of the skin on the radial side of the wrist was made. The navicular styloid was identified, and a very

short distance from this, the oval area of white bone was encountered. A section was taken for biopsy. It was
impossible to enucleate the sclerotic piece of bone with a small pointed periosteum elevator. A sharp chisel

was, therefore, used to resect the abnormal bone with the adjacent normal bone in the shape of a triangle.

After this pathological area had been removed, it was possible to bring the remaining fragments of the

navicular together by gently e.xtending the wrist and with slight radial deviation. The wound was closed with

the hand in this position, and a plaster dressing was applied. The patient was hospitalized for approximately

one month and then was discharged, but for a period of six months he was seen weekly for reapplication of

plaster and periodic roentgenograms. An aluminum wrist splint was then worn for ten months, enabling him
to work as a driver for a local grocery concern. Since the operation, he has had no pain whatsoever in the

wrist. Roentgenograms taken in June 1946, sixteen months after the operation (Fig. 1-B), show early osseous

union of the two fragments of the navicular bone. Immobilization is no longer necessary, and the wrist is

now asymptomatic.

The report of the pathological examination was as follows:

Microscopic: “Sections [Fig. 1-C] show a circumscribed area composed of osteoid tissue and atypical

calcified osseous spicules. At the periphery, the osteoid tissue is made up of acidophilic bars arranged in an
anastomosing, lattice-like fashion. The interstices between these bars contain numerous osteogenic cells,

some of which have differentiated into osteobhasts. The lacunae of the bars are large, and most of them are
occupied by osteocytes. As the central portion of the lesion is approached, the tissue becomes much more
compact with only occasional marrow spaces. Throughout the solid area are bluish-staining areas, represents
ing calcified deposition. The area showing these ehanges is imbedded in cancellous bone. The surrounding
bone exhibits no tendency to sclerosisj in fact, osteoporosis is present. Tlie marrow space contains several





SURGICAL ASPECTS OF OSTEOID OSTEOMA 779

piovious 01)01 ntion was noted. There was mild atrophy of the interossei of the hand. Flexion and extension

weie nearly noimal, but weie painful. The right wiist was equal to the left wrist in eii cumference. Only, mild

ledness could be observed over the caipal navicular legion.

Roentgenogiams (Fig. 2-A) revealed a circular aiea of diminished bone density in the distal half of the

carpal naviculai , which was suirounded on the pioximal bolder by an aiea of scleiotic bone. Careful compar-

ison with loentgeiiograins made elsewheie led to the belief that this area of diminished bone density had grad-

ually become lai gor and more clearly defined.

On Maich 24, 1945, an approach similar to that used in Case 1 was made. The carpal navicular was

identified, and, by making a window in the cortex on the ladial side of the bone, the surgeon encountered

a definite cavity within the bone, approximately one by one centimeter in size. By the use of a small curette,

this cavity was cleaned out. The bone fiag-

ments weie of unusual softness for normal

mcdullaiy bone, and, although the color was of

the usual led, the material was easily scooped

out through the window in the coitcx. Inas-

much as this cavity appeared to be almost one

thiul of the size of the entile navicular bone,

and there seemed to be danger of a pathologi-

cal fiacture, many chip grafts from the distal

poition of the ladius were removed and in-

seited into the cavity. The wound was closed

in the usual mannei and a forearm plaster

dressing was applied. In Figuie 2-B, the small

ladial chip grafts can be seen within the

navicular bone. This roentgenogram was made
when the cast was removed on April 8, 1945,

approximately two weeks after the operation.

The patient was followed for four months
and had no pain. There was some stiffness

from immobilization, but this gradually di-

minished. Figure 2-C is a roentgenogram taken
on May 26, 1945, two months after surgery, r, t i.u • ui. ^ i xu u

j ,, . ; , , i . Case 2. In the right carpal navicular, there can be seen
and the previously noted osteolytic lesion is ^n aiea of osteolysis, surrounded by an area of sclerosis,
almost completely obliterated by new bone. This is most evident on the proximal side.

Fig. 2-B Fig. 2-C
Fig. 2-B : Fine chip grafts from the distal portion of the radius can be seen within cavity of navicular

bone.
Fig. 2-C: Two months following removal of destructive area and insertion of radial chip grafts. The

diseased area is now almost completely filled in bj' new bone.



UNCLASSIFIED PREMATURE CESSATION OF EPIPHYSEAL GROWTH
ABOUT THE KNEE JOINT

BY OTTO C. KESTLER, M.D., NEW YORK, N. Y.

Premature arrest of epiplij'^seal growth about the knee joint, following tuberculosis of

the hip, has been described by several authors, including Gill and Zinner and Kestler.

However, premature cessation of growth maj’- occur in the epiphyseal plates about the

knee joint as a result of hip disorders other than tuberculosis. Earlj’- groAvth arrest in the

epiphj^seal plates ma3
'' also occur without lesions of the neighboring joints and without

associated lesions being demonstrable elsewhere.^

Three t3^j3es of unclassified cessation of epiphj'-seal growth about the knee have been

obseiwed bj" the author.

Group I

This group includes infectious hip lesions, producing earb’’ secondaiy growth arrest

about the knee.

There is in^'ariabl5
’• a marked deformitj’' of the knee, with the head of the fibula being

prominent in ever}'- case. Occasional!}’- there is bowing deformity. A shortening of the entire

lower extremity is present, but the shortening is not to be ascribed entirel}'- to the hip

lesion, which in some cases produces only minor destruction about the hip. Detailed com-

parative measurements of the femur, the tibia, and the fibula indicate the actual participa-

tion of these bones in the shortening, Avith the exception of the fibula, which almost

consistently continues to grow undisturbed.

Besides tuberculosis of the hip, including one case of bilateral tuberculosis (Fig. 1),

pyogenic infection of the hip, caused b}’’ hemolytic Staphylococcus aureics in childhood, and

one case of Still’s disease (Fig. 2) have been observed by the author. The distal epi-

physis of the femur and the proximal end of the tibia were almost inA'anably affected by

a premature cessation of growth. In most of the cases of this type, marked deformity as

present. There was a narrow epiphyseal plate, which vras sclerotic in structure, with a

star-shaped area in its center. The epiphyseal plate of the fibula Avas not closed, an

the head of the fibula reached the leA'-el of the knee joint. Some discrepancy AA'as also note

in the AA’idth of the tibia; and, in some cases, the fibula appeared to be hypertrophic. In casK

of A'arus deformity, the medial portion of the tibial epiphysis appeared to be involve •

'\mi’ious degrees of atrophy Avere ahvays present in the knee joints. The degree of atrop b

about the knee joint Avas ahvays more extensh'-e in cases of tuberculosis of the hip than in

cases of other etiology.

Group II

In this group are included non-infectious hip disorders causing or connected vith an

early cessation of epiphyseal groAvth about the knee on the same side. .

,

The author observed a baby, eighteen months old, aaLo had been treated success

for unilateral congenital dislocation of the hip. At the age of three, hoAvever, she

the clinical problem of shortening of the.IoAver extremity (Fig. 3). Detailed

measurements, folloAA'ed by roentgenograms of the knees, disclosed the groAvth impau

about the knee on the side of the preA'iously dislocated hip.

Group III

This includes cases of premature cessation of epiphyseal groAA'th about

AAithout lesions in the hip on that side and AAdthout an associated pathologica

being demonstrable elsewhere.
_ usual')'

These cases present a shortening of one of the loAver extremities. The imp
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SUBPERIOSTEAL GIANT-CELL TUMOR

Report op a Case

BY JOHN T. HODGEN, M.D., AND CHARLES H. FRANTZ, M.D., GRAND RAPIDS, MICHIGAN

From the Orthopaedic Service of Blodgett Memorial Hospital, Grand Rapids

Giant-cell tumors occurring in the shafts of long bones are unusual, and few have been

reported in the literature. Thej^ fall into the so-called “subperiosteal group”. The follow-

ing case does not differ from those previous^'' reported except for the questionable absence

of trauma in the history.

W. B., a fifteen-yeai-old girl, was referred to the Orthopaedic Clinic on March 15, 1945. The patient

complained of an aching pain of four months’ duration in the region of the right knee. She could recall no

injury to the leg. A few weeks after the onset of the initial discomfort, the symptoms became more pro-

nounced, causing her to seek advice from her family physieian. A toe-to-groin plaster cast was applied and

rest was advised. Eight weeks of this regimen brought no relief. The plaster was removed and roentgeno-

grams were made of the right tibia (Fig. 1). Because of a defect in the upper third of the tibial shaft, the

patient was referred to the Clinic.

Examination revealed a healthy j'oung girl with no abnormal findings e.xcept in the right leg. Upon

inspection and palpation, the right knee joint appeared to be normal with a full range of both active and

passive motion. Palpation of the upper portion of the tibial shaft, which was normal in contour, was painful

on the medial aspect. This pain was most pronounced about two inches below the condyle. Urine and blood

studies were normal. The blood Kahn test was negative. Roentgenograms of the right tibial shaft revealed

a well-demarcated, subperiosteal area of bone destruetion on the medial smdace. A lateral view localized

the lesion on the posterior aspect. There was no bulging of the shaft, and no periosteal reaction was present.

Bj' the use of a pneumatic tourniquet, the tumor was explored four days after the original examination.

When the involved site had been exposed, a bluish oval area one centimeter by two centimeters was visual-

ized. The cortex was much thinned. The outer wall of the tumor was opened with a small gouge. The tissue

beneath was reddish-brown in color and jelly-like in consistency. No membrane was apparent. A routine

Fig, 1

Anteroposteriorand lateral roentgenograms demonstrating the lesion to be medial and posterior
in the upper tibial shaft.

VOT *>0 VO ? TT'TV Oi7 781
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ETIOLOGY

Hip lesions, particular!}'- those of an infectious nature -which produce destructive

changes in the joint, as a rule bring about premature cessation of the epiphyseal growth

distal to the hip joint on the same extremity. The knee joint is most frequently affected.

It seems, also, that the greater the destruction and the longer the lesion has been present,

as in tuberculosis, the more extensive -will be the growth cessation about the knee. On the

other hand, the destruction does not have to be extensive to produce marked changes about

the knee. Although the etiology is understood in cases of tuberculosis, pyogenic infection,

and Still’s disease of the hip, the cases in Groups II and III require a searching analysis.

SELECTED CASE REPORTS

Case 1 A twelve-j’-ear-old boy was admitted to the Hospital for Joint Diseases on June 28, 1941, with a

histoiy of a fall nine weeks prior to admission. Ten days later, he had pain in the left hip and a temperature of

103 degrees. Three blood cultures were positive for Staphylococcus aureus. He was given sulfathiazole and

placed in a plaster -of-Paris spica. His condition improved, but a week later the pain recurred and the tempera-

ture rose to 104 degrees. The following week the left hip was in a position of moderate flexion, abduction, and

external rotation. The left inguinal region and the upper portion of the left thigh were markedly swollen and

warm. Several tender lymph nodes were present. Traction was applied, and a blood transfusion was given.

Repeated aspirations from the left hip joint produced thin purulent fluid which showed hemolytic Staphylo-

coccus aureus on culture. Blood cultures were repeatedly negative. Roentgenograms of the left hip, taken on

July 7, 1941, showed irregular necrosis of the superior quadrant of the capital epiphj'sis, with complete

disappearance of the subchondral cortex and narrowing of the joint space. The patient recovered, but at the

time of his last admission there was complete ankylosis of the left hip (Fig. 5-A).

The follow-up examination on February 20, 1945 (Figs. 5-B, 5-C, 5-D, and 5-E) show'ed that the patient

was able to walk without assistance. The lumbar lordosis had increased. He had no pain. The left hip was held

in neutral position as far as abduction was concerned, but it was in flexion of 150 degrees. The left lower

extremity was three inches shorter than the right. There was an overgrowth of the fibula, which projected

laterally on the left side vith some

tendency to varus deformity of the

left knee. The length of the right tibia

was seventeen and one-half inches,

that of the left tibia was fifteen and

one-half inches. The distance from the

tip of the greater trochanter to the

articular surface of the femur vas

eighteen and three-quarters inches on

the light and eighteen inches on the

left.
. 1 * 1,

Case 2. This patient, with tuber-

culosis of the left hip, was first seen

on April 29, 1939, at the age of three

and one-half J^ears, in the Out- a len

Depaitment of the Hospital for Join

Diseases. He was treated in a co

valescent home by traction, °

bj”- the application of a brace, e ‘

seen in the clinic on Decern er >

1944, at which time he was va

with a brace and had no comp

At the follow-up examination

March 15, 1945, he was ®
^

double upright biace on the

extremitjx The left hip ^uas

,\ard

that

duction of 20
‘^®S''f®®,.‘7Autward

fle.xed to 155 degrees, m slight ou

rotation. There was no motion

Fig. 5-A

Case 1 . Showing complete bony ankylosis of the left hip.

lUUtblull. .. .

hip. The left lower e^*"
three-quarters of an me s i

the right; the left tibia was one-q

of an inch shorter than the ng •
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SUBPERIOSTEAL GIANT-CELL TUMOR

Photomicrograph (X 320) reveals osteoid formation. There is a good deal of liemosiderin in
the fibrous tissue. {Negative No. 99053, Army Institute of Pathology.)

Anteroposterior and latcr.al roentgenograms thirteen months following curettage. Healing is
seen with dense cortical bone.
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A.

Fig. 6-A

Case 2. Roentgenograms ofboth hips.

Pig. 6-B
_ i-ro^er

Comparative roentgenograms of the knees. Note that the proximal end of the left tibia
jgvc

the epiphj’’seal plate is smaller and somewhat thinner, and the head of the left fibula is on

than the right. There is also marked atrophy about the left knee.



OSTEITIS PUBIS

BV NORBORNE B. POWELL, M.D., HOUSTON, TEXAS

From the Department of Urology, Baylor University, College of Medicine, Houston,

and the Urological Service, Southern Pacific Hospital, Houston

This relatively infrequent complication of suprapubic prostatectomy was first

described by Beer in 1924, who later, in 1928, reported two cases that occurred following

suprapubic bladder operations. Muschat in 1945 reported two cases of osteitis pubis and

reviewed twenty-three cases in the literature, while Cohen added two more cases in 1946.

The etiology of this condition is not known. Wheeler was unable to reproduce the

condition in rabbits experimentall3^

Clinical Course

The onset of the condition has been given as varjfing from ten days to two months

after operation. There is usuallj’’ an insidious, dull, aching pain in the region of the sj^m-

physis pubis, which maj'^ become localized in either the right or left superior or inferior

ramus. The pain may radiate to the perineal region and to the inner aspect of the thighs.

Walking becomes increasing!}'- difficult, until the patient is bedridden and suffers ex-

cruciating pain when he attempts flexion or extension of the lower extremities. Spasmodic

contractions of the adductor muscles may occur on voluntary motion. The duration of the

condition varies from about six weeks to as long as two years, as occurred in a patient,

reported by Kretschmer and Sights, who had some pain for this length of time.

Diagnosis

The history of a recent suprapubic operation, with physical findings of pain bver a

localized area of the symphysis pubis, is usually enough to suggest osteitis pubis. Roent-

genograms of the areas will prove the existence of the lesion after about the third week.

There is a roughening or fraying of the periosteum and a moth-eaten appearance of the

symphysis pubes and rami. Decalcification of the rami and inner portions of the ischia

may become evident on subsequent roentgenograms. The disease is usually self-limiting

with or without therapy, and in about six to ten weeks there is a recalcification and rapid

reconstruction of the bones involved. Ankylosis of the symphysis pubis is the rule
;
other-

wise, the bony structures return to normal.
There might be some tendency without roentgenograms to confuse this condition

with a simple infection of the space of Retzius or of one of the perivesical spaces. Osteo-
myelitis of the pelvic girdle from some hematogenous infection, however, gives a different

roentgenographic picture, so this condition vfill not be too confusing.

Bed rest not only is necessary, but the patient uill wish.to remain flat on his back and
to move as little as possible. Body casts may be used; the relief will be complete, slight, or

occasionally the condition ma}’- be made worse. Recovery is slow and tedious. Drugs—
such as opiates, vitamins, and sedatives — and antibiotics may be used to alleviate the
distressing symptoms.

CASE REPORT

H. S., a colored male of fifty-one years, was admitted to the Southern Pacific Hospital on September 21,
1943. wth the chief complaint of intermittent hematuria of two years’ duration. (The patient had been exam-
ined by a doctor eleven months before, who found slight enlargement of the prostate. The history was
otherwise negative.)

Physical examination revealed essentially normal findings except for the blood pressure—systolic 160
and diastolic 94—and for a slight enlargement of the prostate.

VOT ->0 TT’TV 10J7
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arthritis of the right hip mth considerable new-bone formation (Fig. 7-A). Roentgenograms, taken

comparison, showed retardation of growth of the right pelvis, femur, and tibia. There was an early arrest

growth of the Ion er femoral and upper tibial epiphyses. The fibula apparently was affected, also, because

deformity nas piesent about the right knee (Fig 7-B).

Case 4. A male, twenty-four years old, nas

;

mitted to the Hospital for Joint Diseases on No^c

ber 30, 1945, because of deformity of the left hip w
e\tensive shortening of the left loner e\tremi

He had had tuberculosis of the left hip since the i

of si\ years, and had received conservative treatme

Upon admission, he had ankylosis of the left 1

with a flexion deformity of 145 degrees and ;

duction of 15 degrees. The left loner extremity \i

one and one-quaiter inches shortei than the rig

The measurement from the tip of the trochanter

the lateial condyle of the femur was sixteen and or

half inches on the left and seventeen inches on t

right. From the external condjde of the femur to t

lateral malleolus was sixteen inches on the left si

and sixteen and one-half inches on the light Eoet

genograms of the pelvis (Fig 8-A} disclosed boi

ankylosis of the left hip. They- also showed a d

sti uctive process, involving the acetabulum and t

head of the femur. Increased densitj’ was piesent

these areas. Roentgenogi ams of the knees, taken f

comparison (Figs. 8-B and 8-C), showed impairi

growdh at the epiphyses on the left side, involving tl

width of the femur and the tibia. Moderate atropl

of the bones was also noted.

Fig. 7-B: Roentgenogram of right knee Note tl

impaired giow'th of the lower femoral and uppi

tibial epiphyses, w ith marked atrophy of these area

Fig. S-A
jcn'il}’

Case 4 Roentgenogiam shows bony ankylosis of left hip Although there is
porlio''

of

in the acetabulum and in what lemains of the head of the femur, there is atiophy ot the upp

the femui

.

^ rnix-TArfD JOIM
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IMoocl examination showed

;

Red blood cells 4,430,000

Hemoglobin 86 per cent.

White blood colls 5,900

Polymorphonuclear neutroi)hils 60 per cent.

Lymphocytes 40 per cent.

Non-protein nitrogen 31.5 milligrams per 100

cubic centimeters

Urea nitrogen 13 milligrams per 100

cubic centimeters

Kline and Kolmcr tests wore negative. The urinalysis showed a specific gravity of 1.010 with albumin four

plus and red blood cells four plus. Excretory urograms showed: “Good renal function, bilateral. Flat plate

of the abdomen (kidney, ureter, and bladder) essentially negative."

On the daj' of admission, the patient was panendoscoped under spinal anaesthesia. Bleeding was found

to come from a ruptured prostatic varicosity. The prostate was slightly enlarged, and there was a definite

contracture of the neck of the bladder. Transurethral prostatic resection was recommended, which was

attempted on October 14, 1943. Due to failure of the instrument, a suprapubic operation was necessary. The
usual mid-line suprapubic incision was made. The bladder was inflated with about 450 cubic centimeters of

fluid through a urethral catheter, and was opened near the dome in the mid-line. An attempt was made to

enucleate the prostate, but a complete removal of the gland was not possible, primarily because of the con-

tracture of the neck of the bladder. A 30 cubic centimeter Folej'^ bag catheter was left in the bladder and

urethra, and a No. 34 de Pezzer catheter was also left suprapubically. Closure was with interrupted sutures

of chromic catgut No. 1. The space of Retzius was drained with a rubber drain. Two grams of sulfanilarhide

crystals were sprinkled tlvroughout the wound. The skin was closed with continuous sutures of black cotton.

The suprapubic catheter was removed on the fifth postoperative day. On November 4, 1943, under spinal

anaesthesia, ten grams of prostatic tissue was removed transurethrally, resulting in a complete prostatectomy.

The postoperative course was uneventful. The patient was discharged on the fourteenth postoperative day,

able to urinate freely and getting up at night only once. The suprapubic wound was healed completely. There
was no recurrence of hematui'ia.

The patient was readmitted to the Hospital in ten days, on December 2, 1943, complaining of severe

pain over the symphysis pubis and in the groin. The patient was unable to walk in an upright position and
stooped because of pain in the pubic area. There was one hard, indurated lymph gland in the left inguinal

region. The report of the roentgenograms (Fig. 2) of the pelvis was: “ Descending rami show some irregularity

of outline with some suggestion of bone destruction. Otherwise, the pelvis is negative. Diagnosis: Osteitis of

the pubic bones."

Frequent roentgenograms showed a gradual healing process. Four w'eeks later, examination showed less

periosteal change of the pelvic bones. There was no indication of metastasis. Roentgenograms (Fig. 4) of the
pelvis and upper portion of the femur, made on January 20, 1944, showed no evidence of pathological changes
of the bones. There was no definite destruction, and good healing was evident. The patient was seen by several
orthopaedic consultants, who advised no special therapy except bed rest, small doses of sulfamerazirie (fifteen

grains three times a day for about ten days), and vitamin therapy. The patient was discharged January 22,

1944, the f^fty-first day after readmission to the Hospital, completely free of all symptoms. When last seen on.
March 3, 1944, seven weeks after discharge, he had absolutely no complaints and considered himself cured
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change in the epiphyseal plates. In other words, the writer feels that the theory which

tries to explain these changes merely on a mechanical basis is not acceptable.^

The periosteal vessels are the main sources of blood supply to the epiphyseal plates.

These vessels form an anastomosis with the terminal branches of the nutrient arteiy^

In the writer’s opinion, it is the impairment of these periosteal vessels that causes the

cessation of growth. It should also be mentioned that the toxins produced by various

agents of infection must play an important role. It seems evident that the cutting of the

blood supplj" limits itself to certain areas; the appearance of the star-shaped scar in the

center of the epiphyseal plate, as observed on certain roentgenograms, substantiates this

assumption. The absence of pain and the presence of atrophy may be cited in support of

the conception of an impaired arterial blood supply.

It is conceivable that in Group III, where no obvious changes in the neighboring joints

or bones were present, a transient hip lesion might have been responsible for the cessation

of growth. A’arious infectious diseases in childhood can cause the epiphyseal plate to cease

to proliferate and to become heavily calcified. In this process, the changes are reversible;

Growth is resumed, and a line of arrested growth appears as a scar in the metaphyses of the

long bones, particularly in the upper portion of the tibia and the distal metaphyses of the

femur®. In the author’s opinion, however, in cases of localized joint lesions, the secondary

growth arrest is irreversible, and, therefore, it produces irreversible growth changes.

Destructive pathological changes in the hip, inflammatory in nature, usually produce

varying degrees of atrophy in the lower part of the femur and the upper portion of the tibia,

or in both, in the same lower extremity.

There is little doubt that bone atrophj'^ is a contributing factor and that trauma may

also play a role: just how much growth arrest may be attributed to these causes is difficult

to estimate. In the presence of extensive damage to the epiphyseal plates, it is strongly

suspected that the coexisting pathological changes in the hip joint may be due to tuber-

culosis, in s])ite of negative laboratory findings pird in the absence of biopsy e.xamination.

Although this observation has been substantiated by a number of cases, further clinical

studies will be required before final conclusions can be drawn.

ADDITIONAI, OBSERVATIONS

Since thi.s article was submitted for publication, the author has had the opportunit)

to observe eight additional cases, bringing the total to twenty-two. The majority of t e

new cases belong to Group I. The fact that many of the cases in Group I were obsene

in various age groups, with the onset of the hip lesion at age levels varying between six

months and twelve ymars, permits us to draw the following conclusions; Theoretica ),

there is a close r-elationship between the growth centers of the hip and the bones com

prising the knee joint. Apparently, whenever the growth centers of the hip are a ec e

by a lesion, the growth centers about the knee joint are disturbed secondarily. This dis an^

growth control probably operates through the perivascular sy'^mpathetic charn, n

In the cases studied, the distant changes occurred about six to eight

the growth centers of the hip had been affected by the disease, as evidenced by t

genographic findings. However, ,twm or thi-ee years elapsed before definite distant

changes xvere demonstiated clinically. The peak of the distant growth changes

from three to six years after the onset of the hip lesion, and a remodeling ta 'cs

according to the law of functional adaptation.
• •

1 location

The outcome of this adjustment will depend upon such factors as the
acute

of the growth arrest (central or eccentric in the epiphyseal plate)
;
the duration o

stage of the hip disease; the nature of the lesion (tuberculous, pyogenic, et ce e

method of treatment; early weight-bearing; and prolonged immobilization.

THE JOURNAL OF BONE AND JOl^
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Fig. 1: Fourteen-year-old boy with advanced bilatcial tuberculosis of the hip. Note the extensive

growth impairment in both knees, with considerable defoi'mity.

Fig. 2; A case of Still’s disease, involving several joints and both hips.

negligible, although a sixteen-year-old patient (Fig. 4) with one-half inch of shortening

of the tibia had a moderate limp.

A symmetrical uniform flattening of the proximal tibial epiphyseal plate was observed

in these cases, combined with abrupt widening of the proximal end of the tibia and increase

of the curves of junction of the metaphyseal and epiph3’’seal portions of the bone. A star-

shaped area of increased density in the center of the epiphyseal plate could be seen clearly.

No atroph}'' of the bone was present in these cases. The fibula did not seem to be affected.

The earlier cases, in all three groups mentioned, were observed by the author in the

Hospital for Crippled Children, Budapest.

Fig. 4: A case of “idiopathic dysostosis of the tibia” in a sixteen-year-old girl with one-half inch of
shortening of the right tibia. Patient had no other involvement of the skeleton and no history of a hip
lesion. Her only complaint was a moderate limp. Note the early arrest of the upper tibial epiphy.«is.
The head of the fibula is level with the knee joint.
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Fig. 2-A Fig 2-B

Fm 2'r- rKnrn"®
encounteied in posterior appioach to shoulder joint,

been®divided^
acromion has been divided two inclies from its tip and the infiaspinatus tendon has

shofrldei-is a tear of the capsule or an avulsion of the cartilaginous rim from the bony rim
^ ^ been the constant finding when the joint has been exposed ade-
quately. The logic of repairing the actual defect is clear.

In the cases to be reported, a defect in the capsule was invariably found, and Bankart’s
principle of capsulorrhaphy was used.

DIAGNOSIS

^

In three of the fifteen cases, dislocation was found to be posterior,—a more common
ins iiRce t ran was expected. Differentiation between anterior and posterior dislocation is

essential, if the defect in the capsule is to be located and repaired. The history of the

mechanism of the original injury may be helpful. Anterior dislocation is caused by a foice

exerted on the head of the humerus from behind, either directly on the back of the shouldei
01 ill y thiough the elbow. Posterior dislocations are caused by a force exerted on the

ion o t le shoulder directly or through the elbow. The more common dislocations of the

s lou ei are caused by hj'-perabduction. Thej'^ heal readily and do not tend to recur. When
recurrence oes take place, it is due to the weak inferior capsule. There ma}'^ be an accuiate

o seivation of the dislocation by a medical officer, or the patient himself may be able to

Fig. 3-A '

Fig. 3-B

Vertical roentgenogram, showing posterior subluxation of head of humerus.
Fig. 3-B; Postoperative roentgenogram, showing acromion held in position by Kirscnne
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Fig. 5-B Fig 5-C

Fig 5-B; Anteroposterior view of the left knee. Note the changes of the uppei tibial epiphysis, as

compared with the right knee (Fig 5-D). Theie is maiked atrophy of the femui and tibia.

Fig. 5-C: Lateial viev of left knee Shows marked atiophy

Fig 5-D

Vnteropostoiioi vici\ of right knee.

Fig 5-E

Lateral view of right knee
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its tip and rotated laterally and forward, giving free access to the defect in the capsule

(Figs. 2-A and 2-B). If the capsule forms a sac into which the head of the humerus is dis-

located, it is opened and plicated snugly. If the cartilaginous rim of the glenoid has been

avulsed, as in the anterior dislocation, it is excised and the capsule is sutured to the fresh-

ened rim of the glenoid vdth silk sutures. The sutures are passed through holes drilled in

the bon}^ rim, as in the operation for anterior dislocations.

At closure, the infraspinatus tendon is sutured, being plicated if it is redundant. The

fracture of the acromion is reduced and fixed by a Kirschner wire inserted longitudinally.

The wire is sharpened at both ends, inserted from the fracture site into the lateral frag-

ment first, and then drilled back into the medial fragment (Fig. 3-B).

RESULTS

Fifteen patients—twelve with anterior dislocation and three mth posterior disloca-

tion—have undergone operation. All dislocations were originally traumatic with multiple

recurrences on such slight provocation as combing hair, putting on an overcoat, swimming,

or turning in sleep.

There have been no postoperative recurrences to date in a follow-up period varying

from a minimum of seven months to a maximum of eighteen months. All of these patients

have been using their shoulders actively'- without restraint. Thirteen of the fifteen patients

are at work. Most of them are engaged in strenuous occupations, such as those of com-

mercial fisherman, hard-rock miner, physical-training instructor, professional hockey

player, farmer, and logger.

None of the patients have had serious limitation of motion. As a rule, there has been

10 to 15 degrees’ limitation of external rotation and abduction in the anterior dislocation

(Figs. 4-B and -l-C), and 10 to 15 degrees’ limitation of internal rotation and abduction

in the posterior dislocations (Figs. 3-D and 3-E).

CONCLUSIONS

1. Differentiation between anterior and posterior dislocation is essential.

2. Repair of the actual defect in the capsule as described by' Bankart is the logical,

most effective, and least disabling method of treatment for posterior dislocation as veil as

anterior.

Note; The illustrations were prepaied in the Photographic Department of the Shaughnessy Hospital
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Tlic last roentgenogram of the left liij), taken on December 7, 1944, siiowed a fairly old destructive,

infectious tubei culovis arthritis, with some sequestra. The left fibula was prominent, and there was a tendency

to modeiate varus i)osition of the provimal end of the left tibia. Roentgenograms of the knees, taken for

comparison, disclosed extensive atiophy of the distal end of the femur and of the proximal end of the tibia

(Fig. 6-B). Theie was only a moderate growth aiiest of the proximal femoral epiphysis, but the entiie tibia

was nariower than the right one.

C.^SE 3. A male, thirty-two j'ears old, was admitted to the Hospital for Joint Diseases on August 27,

1945, because of pain and defoimity of the right hip and consideiable shortening of the right lower extremity.

He had had an injuiy to the right hip at the age of ten. After that, he was in bed for one and one-half years.

Eight years after the injury, a piece of bone was extruded from the light groin, followed by di’ainage of pus.

This condition healed after two years, but the patient had had a limp which had grown progressively worse.

On physical examination, the right hip was found to be in flexion of 150 degrees and adduction of 25 degtees;

and it was ankylosed clinically. The right half of the pelvis and entire lower extremity, including the femur

and the tibia, weie found to be underdeveloped. The light lower extremit3^ was three and thiee-quarters

inches shelter than the left. A diagnosis was made of infectious arthiitis of the right hip with ankylosis.

Marked genu recurvatum was present on the right. Roentgenograms showed underdevelopment.of the light

pehds and femur. The hip joint was deformed. The shape of the femoral head had changed completely, and
most of it was absent. Theie was inci eased density of the acetabulum, and of the head andmeck of the femur.

Osteoporosis of the right pelvis and femui was seen. The roentgenographic diagnosis was advanced infectious
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DISCUSSION

Although a variety of factors should be considered when early cessation of growth

occurs about the knee, either from a neighboring joint lesion or from apparently un-

known cause, the author believes that the main factor producing these changes is the

impaired blood supply to the growth centers. This impaired blood supply is caused by

indirect action, affecting the arteries of the epiphyses; a, reflex action explains the distant

Fig. 8-B . .

Comparative roentgenograms of the knees'. Note the underdevelopment of the left knee as compared
with the right, and the extensive atrophy of the bones.

VOL 29 xo 3 JULY 1947
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hand is added over the distal end of the bucket (Figs. 3 and 4). A leather cuff for the upper

arm is fashioned, and the prosthesis is then assembled and fitted on the patient. A sling of

webbing is made around the elbow. The hook and the hand are fitted, and the cable

lanjmrd and sling to the opposite shoulder are aligned and adjusted (Fig. 5). This mecha-

nism is used to operate the hook or hand. The weight of the prosthesis is about one pound,

V ithout the hook or hand being attached.

The patient then takes the routine course of training in the use of an arm prosthesis,

and must pass a satisfactory achievement test, including automobile driving.

The range of motion of the amputation stump, when fitted with this t3^pe of prosthesis,

is not so complete as for the normal wrist, but from 60 to 80 per cent, of the normal nrisf

motion is restored to the amputee. Pronation and supination approach normal (Frg G)

Flexion and extension are verj"- good (Fig. 7). Circumduction is good. Adduction and

abduction are limited, but can be achieved b}'’ a manual quarter turn of the artificial hand

on its coupling. Power is excellent, and straight lifting is adequate. Normal length is

maintained. Performance with this prosthesis, fitted with a mechanical hook, is excellent:

and the amputee has better utilization with the hook than a forearm amputee has nith a

standard prosthesis. This is demonstrated b3'’ the higher grades recorded in performance

of the achie^’ement test b3’' an individual who has had this t3'^pe of amputation. 63’- using

his remaining normal wrist motion, the amputee can achieve with his hook smoother,

faster, and better neuromuscular coordination, closel3'' simulating natural motion

B3' making alterations in the standard artificial hands which are available, one of these

can be attached to the prosthesis b3’- remoxml of the wrist section, in order to make a

receptacle for the bucket. The utilit3’’ of the artificial hand is still limited to the function

ax’ailable in it. A cosmetic coAmring for the hand is provided, and it seiwes faii’b'^ nell to

hide the amputee’s deformit3’- (Figs. 8 and 9).

CONCLUSIONS

1 . A new t3"pe of prosthesis has been dex’^eloped, which proves satisfactoi3’’ for caipo-

metacarpal disarticulations.

2. With this t3''pe of amputation, most of the normal function at the wrist is letaine ,

and it can be used in worldng the prosthesis.

’ 3 . The stump, without a prosthesis, is moi’e useful than a forearm stump.

•4 - As much of the upper extremit3'^ as possible should be saxmd during an amputation
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Distant cliangos should be watched for during the management of hip lesions, and

they sliould be considered whenever jirocedures are planned for the equalization of limb

length.

Note; Because of wartime coiulitioiis in Budapc.sl, the oiiginal roentgenogiams for Figures 1, 2, 3, and

4 were lost. When communications wore ic-eslablislied, the autlior was told that all the films in the hospital

had been used to fill the gajrs in tlie windows in order to protect the patients from the elements, since no

glass could be obtained. n , xi,

•V pajier containing these illustrations had picvioiislv been published privately in Jiiiirope, and the prints

shown here were leinoduccd from iihotograjihs of these illustiations. The author regrets that the results have

not been more satisfactoiy.
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DIAGNOSIS AND TREATMENT OF RECURRENT DISLOCATION
OF THE SHOULDER

BY ROSS ROBERTSON, M.D., F.R.C.S.(C.)

Formerly Wing-Commander, Royal Canadian Air Foice

AND CAPTAIN W. J. STARK

Royal Canadian Army Medical Corps

From the Shaughnessy Hospital, Vancouver, British Columbia, Canada

Bankart’s method of repair for recurrent dislocation of the shoulder has become
widely accepted. It is generally agreed that the pathology of recurrent dislocation of the

Fig. 1-A Fig. l-B

Fig 1-A: Preoperative l oentgcnogram, showing iiregularity of anterior inferior lim of glenoid c.ai’itA’
whu’h icsultcd fiom anterior dislocation*^.

Fig. l-B: Illustrating hatchet-shaped deformity of .the head of the humerus in the ca‘^e of loittr-
standing, recurrent dislocation.

^
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CASE EEPORT

A negro boy of six was admitted to He
Orthopaedic Sei-vice of the University Hospiia!

because of a swelling about the right elboK

The history, as given by the mother, was tli;

the cliild had fallen and injm-ed his right an

one month prior to his admission to tli

Hospital. Soon after the injury, the arm

placed in a cast by the family doctor. Short!

after this, the elbow became swollen; feve

developed
;
and it was necessary to remove th

cast. The swelling of the elbow continued,m
it increased rapidly in size over a period of fou

weelvs prior to admission.

The mother stated that, in October 1941

she had noticed that the patient’s left ei’e v\a

beginning to tm-n white, and that, in Decern

ber 1944, it was removed and replaced withai

artificial eye. Tliis operation had been per

formed in a hospital in another state, and

;

pathological report from that hospital stater

that the eye had been removed because of i

retinoblastoma.

Physical examination revealed that tb

child had a firm, tender, fusiform swelling ol

the lower third of the humeras, about sn

centimeters in diameter, which, upon palpa

tion, felt definitely warmer than the rest of the

extremity.' The motion of the elbon' vas

severely restricted and painful. The Ij'mph

nodes were enlarged in both axillae; thos on

the right side were two centimeters in diam-

eter, while those on the left were someffhnt

smaller. The epitrochlear nodes at the rigii

elbow were also enlarged to a diameter of two centimeters. The only other significant findings as the pro

of an artificial eye on the left. The patient's temperature ranged between 100 degrees and 10 OdO

rectum throughout his hospital stay.

Blood examination showed:

Fig. 2

Changes in the upper portion of the left humerus were
similar to those in right elbow, but to a lesser degree.

Red blood cells

Hemoglobin

White blood cells

Polymorphoiiuclears

Lymphocytes

Eos'mophils

2,130,000 .

5 gi-ams per 100 cubic centimeters

7,400

59 per cent.

31 per cent.

. 3 per cent.

Basophils 2 per cent.

Stab forms ... 5 per cent.
^

There were nine nucleated red blood cells per 100 white cells counted; and moderate the

tosis, poikiloc3'tosis, and polychj'omatophilia were present. Coagulation time was five nunu

bleeding time was nine minutes. The blood Kline test was negative.

Chemical anatysis of the blood revealed:

ISTon-protein nitrogen 50 milligrams per 100 cubic

Inorganic phosphorus 4.35 milligrams per 100 cu ic ce

Alkaline phosphatase 4.2 Bodansky units

The urine contained no albumin or sugar.

Eoentgenographic e.xamination showed mild atrophi"^ of the lower end of the
formalin

tissues, vertical striations of the periosteum, and irregtilar areas of bone absorption, i ev>
gndings

present about the lower three inches of the right humerus (Fig. 1-B). These parts ofl

considered, at the time, to be tj-pical of osteogenic sarcoma. During the examinatio^^
pcriosfc3l

bodj^, it was found that the upper portion of the left humerus also showed the
shoved'an

^

bone formation with vertical periosteal striations (Fig. 2). Roentgenograms of t e s 'U
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Fig. 3-C Fig. 3-D Fig. 3-E

Fig. 3-C; Incision of a pievious unsuccessful Nicola operation foi a posteiior dislocation.

Figs 3-D and 3-E; Illustrating movement of the shoulder tin ee months after postei ior capsulori haphy.

describe the deformity clearly. Occasionally, the patient may be able and willing to produce

the dislocation voluntarily, especially if it is a posterior dislocation. Then the diagnosis is

clear. A vertical roentgenogram maj'^ be taken for a visual record (Fig. 3-A). Anterior dis-

locations can rarely be produced at will by the patient. However, roentgenograms may
show a defect in the anterior rim of the glenoid or a hatchet-shaped deformity of the head

of the humerus. These are the results of repeated dislocations (Figs. 1-A and 1-B). Occa-

sionally, it may be necessary to produce the dislocation again -under anaesthesia in order

to determine the type ivith certainty.

OPERATIVE TECHNIQUE
Anterior Dislocation

The operation used to correct anterior dislocation in these cases is almost identical to

that described by Bankart. The defect is repaired by suturing the capsule to the freshened

rim of the glenoid vdth three or four interrupted sutures of heavy silk. These sutures are

passed through holes drilled in the bony rim. A shoemaker’s awl, or a similar instrument,

can be used for this purpose.

Posterior Dislocation

The approach to the joint for the repair of the posterior dislocation was originated by
one of the authors (R. R.). With an osteotome, the acromion is divided two inches from

I'lG. -l-A Fig.

-

l-B Fig. 4-C
Shoving range of movement four months after repair of a posterior dislocation.
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plicit}" of lesions, combined with a Jiormal alkaline-phosphatase determination, would

deter one from .making a diagnosis of ostoeogenic sarcoma. .The literature reveals that

little has been vritten.about the appearance of the metastases of a retinoblastoma to the

long- bones. -
• -
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CALCAREOUS DEPOSITS IN SOFT TISSUES ABOUT THE PROXIMAL

INTERPHALANGEAL JOINT OF THE INDEX FINGER

Report of a Case

BY ANTHONY F. DEPAEMA, M.D., PHILADELPHIA, PENNSYLVANIA

From the Department of Orthopaedics, Jefferson Medical College, Philadelphia

The report of this case is prompted by findings in the patient’s history which may she^

some light on the etiological factors responsible for the presumabl)'^ unwarranted
deposi lo^

of calcium about joints. The case recentlj'’ reported b}'’ Vasko^ is of interest, in

two cases had very similar clinical features and responded to practically e

treatment.

G. T., a man, aged forty-nine, complained chief!}’’ of pain and swelling of the left inde.x

was gradual; during the month of March 1946, he had noticed some swelling of the proxima m

joint of the left index finger. The swelling was accompanied by considerable pain, and motion o

joint was restricted. There was no histor}’ of injury to the part. The pain was most intense a

aggravated by the slightest motion. Duiin'g the previous four months, the sj’mptoms ha n

rather had become progressively worse.

Tlie past history revealed that, in November 1942, the patient had had a ^'septic soie t iro^

followed by pain in all the joints of the hands and feet; the spine, knees, ankles,

also affected. The patient had been in the hospital from January 13, 1943, to March 17,

tonsillectomy had been performed, and he had been treated by autogenous vaccines, t le

^
hadli®

blood transfusions. The patient had made a good recovery, and only occasionally (about
jTc IIS'*

had some mild joint manifestations, as pain and stiffness of the small joints of the lan s a^

received vaccine therapy for one year. He stated that at no time had his joints been sv o
for li"

The patient was allergic to several kinds of food and pollens. He was under cons an

various sensitivities. He stated definitely that at the time of the onset of the present i ncs

manifestations.



A PROSTHESIS FOR CARPOMETACARPAL AMPUTATIONS -

BY COMMANDEU THOMAS JOHN CANTY

Mvdicnl Corps, United Slates Navy

From the Amputation Center of the Mare Island Naval Hospital, iMare Island, California

Since the establishment of Ai'my and Navjf Amputation Centers during World AVar

II, the number of possible levels of election for arm amputations has increased. This is due

to the increase in the surgeon’s knowledge, as a result of a closer relationship between

amputation surgery, limb-fitting, artificial limbs, and prosthesis training.

In war casualties, the level of the amputation has generally been determined by the

enemy fire. Since the development of the Fitch elbow control, a person with either a

shoulder disarticulation or a veiy short upper-arm stump can use a prosthesis. The Mejmr

polymatic-gainer elbow hinge has provided the short below-the-elbow stump with a func-

tional prosthesis. A suitable prosthesis is now being made for wrist disarticulations and

carpometacarpal amputations. Thus, the time-honored principle of “save as much of the

hand as possible” now applies to the entire upper extremit5%

In the past, with injuries and destruction of tissue through the carpometacarpal zone,

surgeons have been required to perform amputations through the lower third of the fore-

arm. Wrist disarticulation has been objectionable in this type of case, because of the diffi-

culty of fitting a prosthesis. AA^hen a standard below-the-elbow prosthesis, was fitted to a

disarticulated wrist, the total length of the prosthesis necessarily exceeded the normal

length of the human extremit3^ Pronation, supination, flexion, extension, adduction,

abduction, and circumduction were also lost.

At the various Army Amputation Centers, thirty-seven wrist disarticulations have

been performed. Most Arm)”- surgeons favor wrist disarticulation. The principal difficulty

has been the development of a suitable prosthesis. Northrop Aircraft, Inc., Prosthetic

Division, under the auspices and contract of the Committee of Artificial Limbs of the

National Research Council, has developed a suitable prosthesis for use in cases of wrist

disarticulation. This device allows excellent pronation and supination, but the remaining

motion of the wrist is lost. The length of the prosthesis is similar to that of the normal

extremity.

At the Amputation Center of the Mare Island Naval Hospital, disarticulations at the

carpometacarpal joints have been made in cases in which there had been loss of tissue distal

to that zone. The amputated stump retains a high degree of normal wrist motion. AAhthout

a prosthesis, the amputee can accomplish a great deal with his stump, because of its longer

length, power, and motion (Figs. 1 and 2).

It is desirable to fashion the stump in a somewhat bulbous shape, with a slight degree

of flatness in the postero-anterior aspect. This helps to retain the stump in the bucket.

The flexor and extensor muscles which have their insertions in the distal ends of the

metacarpals (extensor carpi radialis longus, extensor carpi radialis brevis, extensor carpi

ulnaris, flexor carpi radialis, and flexor carpi ulnaris) are sutured together over the carpal

bones. This helps the power of flexion and extension of the stump. It is essential to utilize

the palmar skin for the stump covering, in order to provide durable skin over the end of

the stump.

After the surgical wound has healed, intensive exercise, passive and active, with
increasing resistance, is prescribed. Shrinking of the stump is accomplished with an elastic

bandage. A plaster reproduction of the stump and forearm is made, and a light plastic

bucket and forearm cuff are formed over the plaster reproduction. Polj’'matic joints are set
between the bucket and the cuff at the normal wrist axis, and the coupling for the hook or
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CRYPTOCOCCUS NEOFORMANS INFECTION (TORULOSIS) OF BONE

Report of a Case ' •

BY CLARAN H. JESSE, M.D., LOS ANGELES, CALIFORNIA

From the Orthopaedic Service, Los Angeles County General Hospital, Los Angeles

The first article on Torula infection in man, involving the central nervous S3'^steni,

was written Zenker in 1861. Since that time, there have been numerous reports of the

involvement of other tissues, but it is believed that this is the first report of bone torulosis

A Caucasian male, twenty-four 3'ears old, came to the Hospital on April 12, 1945, stating that his riglit

hip occasionally “came out of place”. He was referred to the Orthopaedic Clinic.

The patient stated that pain had suddenly appeared in the right “hip” two weeks before, and he local-

ized it bj’' pointing to the greater trochanter. The pain was described as a “sore feeling”, and at times it

awakened him at night. He had had several osteopathic treatments, but the pain had not been relieved.

The patient had had the usual childhood diseases, with a questionable history of smallpox. Attacks of

epilepsj’’ began at the age of four and continued to the time of e.xamination. He had been treated since Janu-

arj' 26, 1945, b}' members of the Ejm Service for a corneal ulcer of the right eye. Urinalysis at that time w.ns

normal, and tests with tuberculin No. 1 and No. 3 were negative. A coccidioidin skin test and a Wassermann

reaction were also negative. The report of the chest film, taken on January 29, 1945, was as follows: “Hazy

and patchy infiltration, most marked in the right lung field and accentuated in’ the right apex, consistent mth

pulmonaiy tuberculosis. The possibility of infection with Coccidioides cannot definitely be ruled out." A

second chest film, on March 3, was reported as unchanged. The patient had no clinical chest symptoms or

complaints at any time.

Physical examination, on April 12, 1945, disclosed a normal-appearing right lower extremity. The

patient walked with a right-sided limp, and thidi flexion was limited to 60 degrees because of pain. Antero-

posterior and lateral roentgenograms of the hip were taken, and showed a cyst about two centimeters m

diameter in the right inferior pubic ramus (Fig. 1). The hip was normal.

The patient returned on April 24, with the same complaints as on his initial idsit. He stated that, as he

was walking in the hall, he felt a “snap” in his “hip” and then had more pain. Because of the possibilit)

that a pathological fracture had occurred, a flat plate of the pelvis was ordered immediately. Examination 0

the wet film showed that the “cyst” was much larger than it had been two weeks previously, and that the

lower cortex of the right inferior pubic ramus showed more destruction. The patient was then admitted to

the Hospital for further stud}'’. Another physical examination showed no additional findings.

The follondng laboratory studies were then made:

On May 1, a coccidioidin skin test was negati’re. 'e

next day, a complement-fixation test for Coccidioi es

was negative, as was a spinal TFassermann. Roentgeno

grams of the pelvis, taken on May 12, showed t e esio

to be enlarged and the upper cortex of the inferior ram

to be invaded (Fig. 2). The blood

normal limits. Roentgenograms of the skull, ta 'e

May 14, showed no bony abnormality, ^etermina -

of blood calcium, phosphorus, and phosphatase

mthin normal limits.
nnrimcn

On May 24, the area was explored, and a sp

was taken for biopsy examination. The area
,,

and contained a reddish-yellow cheesy ma

little yelloudsh fluid. A sample of this materia

to the laboratory for routine smear
f t j,5d a

for examination for acid-fast bacteria. e

low-grade fever before surgery and or se

following it, but his temperature retur ^
mal. The smear showed a few

nf.

leukocytes; no pathological .

'I ^ Uours.

The culture showed no growth in forty-eig

The microscopic pathological
f^anulation

Fig. 1

Ajiteroposterior view of the right hip, taken
April 12, 1945, shows the lesion. The cystic area in

the inferior pubic ramus can be noted readily.

me microscopiu
_ r„f,rran
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AN INSTRUMENT FOR USE IN THE BANKART OPERATION
FOR RECURRENT DISLOCATION OF THE SHOULDER

BY MAJOR GEORGE I. REISS

Medical Corps, Army of the United States

It is general!}" agreed that the Bankart type of repair is the operation of choice in the

treatment of recurrent dislocation of the shoulder. The most arduous and time-consuming

step in this procedure is the placing of sutures through the osseous margin of the glenoid

cavity. In the past, in our expeiience, the average time required to place the^^e sutuies

usuall}" has been from one-half to three-quarters of an hour. B}" using the “sutuie caiiiei
”

described here, the operation can be shortened to at least half the time.

There is a separate suture carrier for each shoulder, shaped in such a mannei that the

surgeon has good vision of the operative field vhile placing the suture. Instead of two

mattress sutures, suggested b}" Bankart, four interrupted sutures are placed. The capsule of

the shoulder joint is exposed b}" reflecting distally the common origin of the shoit head of

the biceps, the coracobrachialis, and the pectoralis minor, and by dividing the subscapulai is



ROENTGENOGRAPHIC FEATURES OF METASTASES OF A
RETINOBLASTOMA TO THE LONG BONES

Report op a Case

BY RALPH E. ROWEN, M.D., LITTLE ROCK, ARKANSAS

F)om the Orthopaechc Division of the Dcparlmcnl of Surgery, University of Arkansas,

School of Medicine, Little Rock

While cases of retinoblastoma reported in the literature are not uncommon, a stud}’-

of the roentgenographic features produced by their long-bone metastases has not been

emphasized. The origin of this tumor has not been absolutely established, but it is quite

certain that it arises from the posterior portion of the retina and consists of small, closely

packed, round or polygonal cells with large, darkly stained nuclei and scanty cytoplasm.

The “rosettes”, which are frequently present, are believed to be derived from the early

rods and cones, although this is not absolutely certain. Broders emphasizes the fact that

the tumor cells arise from the regenerative layers of the epithelium, where the cells have

the capacity to reproduce. Parkhill and Benedict believe that, although the ganglion cells

of the retina are too highly differentiated to become malignant, the supporting or glial

cells do become anaplastic and form malignant tumors. It is their opinion that these cells

no longer have the form of glial cells, but that thej’- resemble in appearance the un-

differentiated cells seen in the highly malignant tumors of the adrenal glands, known as

neuroblastomata.

A case of retinoblastoma of the right eye, with metastases to the skull and long bones,

was studied recently. Since this case presented interesting lesions by roentgenogram, it is

being reported.

PIG. l-A Fig. i.B
lateral news of tlie right elbow, showing irregular bone absorption and vertical



BLADE-PLATE FIXATION

Report of a Case

BY IRWIN A. JASLOW, M.D., SAYRE, PENNSYLVANIA

From the Section on Orthopaedic and Traumatic Surgery, Guthrie Clinic and Robert

Packer Hospital, Sayre

Blade-plate fixation of intertrochanteric and subtrochanteric fractures of the femur,

as well as of high femoral osteotomies, has been' described b}^ Moore and has proved its

efficiency" in a number of cases in the experience of the author. A second angle has been

added by Blount, and this has broadened the variety of cases in which this form of internal

fixation can be used. This wider use includes such conditions as the correction of coxa vara

and the treatment of old ununited fractures of the femoral neck, as well as of fresh ones.

In recent fractures, an abduction osteotomy is performed to convert a sheering fracture

into an impacting one.

In the usual case, with a firm fixation of the blade-plate, no plaster is required postop-

erativel}’. The use of coarse-threaded screws enhances the efficiency of the fixation, as

these threads grasp the cortical and cancellous bone more firmly and are less likely to be

stripped under excessive sti'aln.

In the case here reported, bladerplate fixation was performed and unusual sequelae

developed. In this particular case, plaster fixation was used for the first six weeks for

added protection because of the known alcoholic habits of the patient, which, incidentally,

were responsible for both the first and second fractures. The case is unusual in that the re-

fracture y\ as obviously not through the old line of fracture, but took place under the sturdy

and well-fixed blade-plate. Evidence of the firm

fixation was inferred from the fact that it was

possible to rebend this plate back into normal

alignment. In doing this, the strain was thrown

primarily upon the screws used for fixation.

Fig, 1

Comminuted fracture on admission, November

11, 1945.

CASE REPORT
A white male of sixty-six years was admitted to the

Hospital on November 11, 1945, after havingfallen o"!!

stairs. He was suffering from a comininuted su ro

;hanteric fracture of the left femur (Fig. !)•

fraction was applied, and the patient was ma e con

brtable in bed. In view of the patient’s age, it was

lesirable to make him ambulatory as quickly as possi

rherefore, three daj"S later, open

ormed and internal fixation was effected vat a

olade-plate vdth a three-inch blade and a five-mc P *

vhich was fixed to the femoral shaft by seven sere

ilaster hip spica was applied and was left on or

ollowing which the patient retm'ued to e

or removal of the plaster. Wliile roentgenogra^
^

•eveal b'ony um'on of the fractured femur ( ig-

^
ixation was firm enough to allow the pa 'e

^

imbulatory on crutches. The patient
fi,c

lome, using crutches and bearing partia

eft lower extremity, without untowaid pam
cr

Sixteen weelrs after the open reduction,
jjQmi-

ras readmitted to the Hospital, after iia^ag ‘
felt

tairs again on the previous evenirig.
f^orealp^'"’

nme discomfort at the old fracture site, u

axd joint
senates

TFTP ymTR'TAl. OF BONE



METASTASES OF A RETINOBLASTOMA TO LONG BONES 807

d

. r ot

_i"4 V C*".

t -iV
*5* *»* V^'l

Fig. 3

Low-power and high-power photomicrographs of
hyperchromatic nuclei and little stroma.

Fig. 4

sections of tumor, showing sheets of round cells with

demineralization of the parietal bones. Roentgenographic examination of the chest was negative for signs of

pulmonary metastases. No roentgenograms of the lower extremities w'eie-made.

A section for biopsy w'as lemoved from the tumor of the right elbow" and from the epitrochlear lymph
nodes. Although this w'as a veiy minor surgical procedure, the patient reacted very poorly, and bled so

profusely that it was necessary to give him several transfusions to keep him from becoming exsanguinated.

At operation, the tumor had a spongy" consistency", was beefy red, and was highly vascular.

Histological examination of the tumor show"ed large sheets of round cells w"ith hyperchromatic nuclei

growing w"ithout orientation or polarity. Some “rosettes” were present, and there w"as little stioma in this

tumor (Figs. 3 and 4). These findings,,together W'ith a history of a retinoblastoma, confirmed by" pathological

examination, led to the diagnosis of metastatic retinoblastoma of the right elbow. The lymph nodes showed
the same reaction.

Treatment consisted of transfusions of w'hole blood and plasma; 1,500 cubic centimeters of blood and
1,000 cubic centimeters of plasma w"eie given during the patient’s hospital stay. He w’as also given a high-

vitamin and high-caloric diet, supplemented by" substantial doses of vitamin K. Deep x-ray" treatment,

totaling 2,000 roentgen units, w'as given to the right elbow and axilla. However, the patient became pro-

giessively" w'eaker, and he died nineteen day's after admission.

COMMENT

This case is interesting from the viewpoint of the roentgenographic appearance of the

metastases of this tumor to the long bones, which is not an uncommon complication of this

disease. Several roentgenologists viewed the films of the right elbow and made the diagnosis
" of osteogenic sarcoma. However, the finding of a similar lesion in the humerus, with the

biopsy findings, led to the final diagnosis. The roentgenographic appearance of the long-

^
bone metastases of this retinoblastoma was indistinguishable from that of an osteogenic

. sarcoma. Clinically", the unusual youth of the patient, l3"mph-node metastases, and multi-
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and only minimum increase in discomfort on motion of the left lower extiemity. Howevei
,
there was niaikod

deformity, and roentgenograms revealed that a new fracture had taken place and that the plate had bent

(Fig. 3). There was marked lateral bowing, shortening, and adduction deformity, correction of which wj?

necessary for a good walking leg. The following morning, preparations were made to remove the plate and

bend it straight, or to replace it with another plate for internal fixation. Before doing this, however, it na--

decided to try a closed reduction. Under pentothal anaesthe.sia, with the patient tying on the affected side and

the pehds held by a strong assistant, the femur was carefully and firmly manipulated, until tin* limb nas

clinically straight with no shortening and no bowing. Considerable force was used in doing this. A roentgeno-

gram was taken at this time to confij-m the fact that the plate had not been broken (Fig. 4); and, wlien tl!i.>

had been determined the patient was discharged, without further fixation, for convalescence at home in l)cd.

Later roentgenograms showed solid bonj" union with no change in the position of the fragments oi' of tlie

plate (Fig. 5).

DISCUSSION

This case demonstrates the dependability of blade-plate fi.xation under unusual stres.s

and strain. Coarse-threaded screws, bt' biting deeper into the bone, seem to offer firmer

fixation than those with finer threads. It tvould appear adtdsable to use the coarse-tlu'eaclecl

screws in almost all cases of internal fixation.

REPEREN^CES

Blount, W. P.: Blade-Plate Internal Fix-ation for High Femoral Osteotomies. J. Bone and Joint Suig., 25;

319-339, Apr. 1943.

Moore, A. T.: Blade-Plate Internal Fixation for Intertrochanteric Fractui'es. J. Bone and Joint Smg., 26:

52-62, Jan. 1944.



CALCAREOUS DEPOSITS IN SOFT TISSUE 809

Fig 1 Fig. 2

Fig. 1: Note iriegular calcification in soft tissues, especially in the volar and ulnar aspects of the joint. The
deposits are amorphous in type.

Fig. 2; Note almost complete disappearance of calcareous deposits after three weeks of fixation and rest.

Phj'sical examination of the left index finger showed it to be uniformly swollen at the proximal inter-

phalangeal joint. The skin was rather taut around the joint. The temperature of the affected part was con-

siderably increased. The finger was held in extension of 180 degrees, and any attempt to flex it, actively or

passively, beyond 165 degrees caused severe pain. Palpation showed the point of maximum tenderness to be

along the ulnar aspect of the joint.

There were no systemic symptoms, and no other joint was affected. All laboratory tests done at this time,

including sedimentation rate, complete blood studies, calcium determination, and uric-acid determination,

were within normal limits. Roentgenographic examination revealed irregular calcification, amorphous in

type, in the soft tissues on the volar and ulnar aspects of the proximal interphalangeal joint of the left index

finger.

Treatment: The finger was put at complete rest by the application of a skin-tight anterior splint of

molded plastic. This fixation gave the patient immediate lelief; it was maintained for two weeks. At the end of

that time, the finger was taken out of the splint several times daily, exercised, and then replaced in the splint.

.A.t the end of the third week, all swelling had dis,appeared, and the range of motion at the affected joint was
fiom 180 degrees to 70 degrees, and painless. Roentgenogiaphic examination at this time showed that most of

the calcareous material had disappeared; only a trace still remained in the tissues.

DISCUSSION

This case closely resembles that great number of cases in which there are calcareous

deposits ill the rotator cuff of the shoulder joint, associated with an acute onset of .symp-

toms. The etiological factors behind this pathological process are still not clear. It is

obvious, however, that the local disturbance of calcium metabolism, in these cases, is in

response to some other factor. The case suggests that the factor sought for ma}'’ be either

some focus of infection or an allergy. It may well be that, in the presence of one of these

two factors, the local disturbance of calcium metabolism in the soft tissues about a joint is

the response to a local exciting cause. The exciting cause may be repeated traumata to

the affected tissues. Such traumata maj^ readily escape the notice of the patient; fi-equently

no history of injury is obtained. This possibilitj-^ at least deserves more investigation and
experimental study.

1. V.xsKo, J. R.t Calrareous Tendinitis of a Flexor Tendon of the Finger. Report of a Case. J. Bone and Joint
Surg., 28: 638-610, July 1946.
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first and second lumbar vertebrae. Dming the fust twenty-four hours, the enuresis disappeared complefch •

and, although it recuired, it gradually diminished, and u-ithin a week had stopped. The flexion of thelep

improx^ed 60 per cent., and the spasticit}^, together with the pain, disappeared.

Girdle pain maj'- also be caused by a congenital stricture of the canal, as exddencecl by

the following case.

Case 2. N. F., a policeman, twentj’-nine j'ears old, had suffered fiom intermittent girdle pain as long

as he could remember. Tluee years previous to our seeing him, the pain had become so severe that he

unable to move his lower exti emities. After some treatment and rest, he i egained the use of his limbs, but the

severe pain continued. He had ‘sought advice at many hospitals and clinics, and various diagnoses had been

made,—“sciatica”, “rheumatism”, syiingomyelia, and gout. Roentgenograms were taken of the spine and

lowei extremities. These weie negative, as was also the Wassermann reaction. His pain, which at first could be

favorabl}’’ influenced bj^ rest, became woise, and did not impiove even when he was in a recumbent position.

Ph5'sical e.xamination levealed onlj’’ a slight limitation of motion betxveen the third and fomth lumbar verte-

brae. Despite the negative loentgenogiapis of the spine, a suboccipital injection of 40 per cent, lipiodol was

given. In one film, taken two and one-half hours after injection, the lipiodol had stopped at the upper end of

the fourth lumbar vertebra. At the time the laminectomy was performed at the level of the thiid and the

fourth lumbar vertebrae, we saw that the lamina of the fourth vertebra had slipped in front of the tliird

xmrtebra. As a result, a sharp angulation had occurred. The lamina of the fourth vertebra had become hyper-

trophied so as to fill most of the spinal canal. All the abnormal bone causing the stricture of the canal vas

removed. Within twenty-four horns after the operation, pain had diminished, and at the end of a week, the

patient could move freely. After a fortnight the pain had disappeared, and he was able to walk normally.

The writer has made a number of observations which seem to indicate a causal rela-

tionship betxveen stricture of the spinal canal (spina bifida) and certain developraenta

Fig. 2-A Fig. 2-B

Fig. 2-A: K. F. Roentgenogram shows spine to be apparently normal.
_ i i.mndol

Fig. 2-B: Roentgenogram taken two and one-half hours after the suboccipital i

Lipiodol remains at the upper end of the fourth lumbar vertebia.
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Fig. 2; Showing expansion of lesion b}' Ma.v 12, 1945.

tissue, infiltrated with plasma cells

and macrophages. A few neutrophils, eosino-

phils, and Ij’inphocytes are present, also. Oc-

casional giant cells are scon. There are a few

areas of earl}' neeixjsis mth pyknosis and

karyorrhexis. A careful search for organisms

discloses a few suggestive ones in the giant

cells, and occasional!}' in the intercellular

tissue. These are perfectl}' round and about

the size of 13'mphocytes. A few bits of newly

formed bone are present in the periphery

of the granulomatous area. Histological

appearance is consistent nith the diagnosis

of torulosis of bone.”

The laboratoiy report stated that

Cryplococcus neoformans or Torula his-

tolytica had been grown on the culture, and

that the organism was pathogenic to mice.

This organism was not present as a labora-

tory contaminant. Because the type of

organism present was pathogenic to mice,

this report coincided ndth that of the pa-

thologist; and the diagnosis was believed

to be definite. Roentgenograms of the pel-

vis, taken on June 11, showed the lesion to

be expanding. A urinalysis was negative,

and a seventj'-two-hour sputum culture

was negative for fungi.

On June 28, the major portion of the

right inferior pubic ramus was removed

Fig. 3

On August 1, 1946, no further involvement is seen. Thir-

teen montlis have passed since complete excision of.the
involved area. Note the new-bone formation at the superior

cortex of the right superior pubic ramus. This area may or

may not have been involved, but is healed now.

surgically. Roentgenograms, taken on July 12, showed that all the infected material had been removed. This

time the pathologist’s report stated that there were a few round cells and occasional giant cells, but that

none of the granulomata seen in the pre\'ious section were found.

Penicillin therapy was started on June 28, and continued until 1,320,000 units had been given. Sulfa-

diazine was given for two weeks, with a total dosage of eighty-four grams.

The patient made an uneventful recovery, with complete healing of the soft tissues in the usual time. Ho
was discharged from the Hospital in July 1945, and his condition was followed in the Out-Patient Clinic.

On August 30, 1945, the patient stated that he felt fine and had gained twenty pounds. He wanted to go
to work, and was allowed to do so. He was seen montlily, and roentgenograms were taken ev'ery two or three

months. His only complaints were occasional cramps in the right thigh. He was doing when last seen,

on August S, 1946. Roentgenograms taken on August 1 showed no further invoh .

’ or pelvis.
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ono-h:ilf inch mcilial and parallel to its insertion.

The capsule is then incised parallel and one-hall'

inch lateral to the glenoid margin. The inslrumeni

carrying the suture is placed intra-art icularly

through the rent in the capsule (Fig. 1./) and, by

up-and-down motion, a hole is easily drilled into

the osseous glenoid margin. The assistant grasps

the suture and the installment is withdrawn

(Fig. 1,2).

In Figure 1,S, the suture is inctured just

before imbrication of the cut capsular edge. A
needle, threaded with one end of the suture, then

pierces the area of the capsule selected by the sur-

geon to be sutured to the roughened osseous glenoid

rim. Four sutures are placed in a similar manner,

and all four are tied (Fig. 1,4). The instrument

described here was used in the repair of nine shoul-

der joints for recurrent dislocation, according to

Bankart’s procedure.

DESCRIPTION OF SUTURE CARRIER

Suture carrier.

Instrument at left is designed for use on
the right shoulder; the one at the right, for

the left shoulder.

The instrument is seven and three-quarters

inches long. The handle is heavy, and lies com-
fortably in the hand. At the height of seven inches,

the handle forms an angle of 110 degrees. The head
of the instrument is turned toward the surgeon, and forms an angle of 90 degrees with the

handle (Fig. 2). It ends in a veiy sharp point, shaped in such a manner that up-and-down
motion of this instrument enables the surgeon to drill a hole into the bone. Approximately
one-quarter of an inch away from the tip of the instrument, a hole is drilled to permit the

threading of a suture. The edges of this hole are smoothed down to prevent the suture
from being cut as the instrument pierces the bone.

The instrument is made of tempered steel and is not flexible. It may also be used to

advantage in other operative procedures requiring suturing of soft structures to bone, such
as tendon transference.

Note; The writer wishes to thank Mr. Edmund J. Gernant, bracemaker, Orthopaedic Service, Pratt
General Hospital, for his help in designing this instrument.



CORRECTION

Dr. Walter P. Blount participated in the symposium on Fractures of the Hip, presented at the Annual

Meeting of The American Orthopaedic Association in June 1946. Through an error, his part in the discussion

was omitted. It should have appeared after that of Dr. Mary Sherman, on page 358 of the April 1947 issue of

The Journal.

Dr. Walter P. Blount, Milwaukee, Wisconsin: The first two speakers have demonstrated con-

clusively that there is an unsolved problem in the management of the complications of fracture of the neck

of the femur. Non-union, which is preventable, is being eclipsed in importance by aseptic necrosis and de-

generative changes. Several measures have been suggested for the prevention of these complications, but a

yet there has been no satisfactory solution. We mustremember that most of the patients are old and feebit

Alost of them will not recover completely. Anatomical perfection is not required. The patient’s opinion c

the result, as well as that of the surgeon, should be considered in evaluating the treatment. ,

In this connection, let us look again at the roentgenogram of a high Schanz osteotomy, thirteen year

after the operation and sixteen years after the fracture {Slide]. There has been progressive degenerativ

change with loss of the joint inteiwal, some destruction of the head, but good position. The appearance i

like that of the last case shown by Dr. Sherman. There is obviously marked restriction of motion. CliniRi

examination shows sufficient flexion to eliminate backache. The patient has no appreciable pain in the Irif

and is happj' with the result. I think that, in this case, osteotomy was preferable to primary arthrodesis, a

suggested by Dr. GUI. If pain does appear in such a patient, arthrodesis by simple pin fixation is much mon

likelj" to be successful than is primary arthrodesis.

I was impressed by Dr. Gill’s figures, showing success in only 60 per cent, of the patients. It should b(

noted that, in his cases, the hips with successful fusions had been placed in abduction. In my experience, tbi;

position is likely to give an unsightly limp, considerable fatigue, and back pain. It is my suggestion tlial

osteotomy be performed early, and that arthrodesis be reserved for the unsuccessful case.

With osteotomy, there are various possibilities. If the patient is not too old, and if the head is alive, tlic

chances are that bony union ivill occur u'ith a satisfactory range of motion, no pain, and good stability. Tiie

likelihood of aseptic necrosis with significant degenerative changes has been diminished by the osteotomy.

The shearing force has been eliminated, and adequate circulation is restored rapidly. ,

If degenerative changes occur in spite of the osteotomy, a good operation has been performed for the

treatment of the arthrosis. The patient may go through life without the need for further treatment. If an

arthrodesis or an arthroplasty becomes necessary, the local'mechanical conditions have been made more

favorable for a successful outcome of the palliative operation.

If n e could select in advance tlie cases which will do poorly, we ivould all agree to the institution of more

radical measures to improve the prognosis. A bone graft, in addition to pin fixation, influences the union

fai'orably. According to Dr. Harris and some of the other speakers, the likelihood of degenerative change

may be increased by this procedure. I advocated a high femoral osteotomy, to be performed simultaneon-y

with the reduction and fixation. Dr. Charles Pease of Cliicago does this routinely with the use of a cuno

blade-plate, as indicated in the slide. This is actually an osteotomy, as described by Dr. Leadbettcr. .\sin

ternal fixation has become perfected, the Shanz and the McMurray-Putti-Leadbefter procedures all

more alike. In the fresh case, I prefer to fix the fracture with pins, in addition to fixing the osteotomy’ v' U

blade-plate. This is to prevent gross displacement. In the treatment of established non-union, this xa i

is not necessary, because the fibrous union serves to hold the head and neck in position.

• ' If one accepts simultaneous operation as a desirable procedure in some cases, our criteria foi

should be better established. We have been asked for a statement of our present reasons for augmen^_^

ordinary internal fixation. There is certainly no doubt about the following; (D senility and

(2) delayed reduction, and (3) verticality of the fracture. I have come to regard any one of these as an i

tion for the performance of an immediate osteotomyv ’

i, t is good,

It has been argued by some that, if the Schanz osteotomy at the level of the lesser trochan er^

the McMurray-Putti-Leadbetter ty’pe of procedure is better, because it directly'underpins the
,jic

agree. As demonstrated previously’, the angulation of the fragments in'the Schanz osteotomy un

head without encroaching upon the hip joint. I have two primWy objections to the use of the yery^^

placed osteotomy’ in the treatm'ent of non-union. The first is the inescapable increased limitation

at the bip joint: The' sefcond is instability’. Recently’ I examined three selected cases from a

McMurray osteotomies for ununited fracture of the neck of the femuriTn each of the cases a

delenburg sign was found. If we are to accept the patient’s evaluation, the' operation pro uce
fafjguc

improvement,' However, an unstable hip with-a positive Trendelenburg sign must be trans a

and disability.
'

’

. Tt is now pO'''''’’’’

When internal fi.xation is used, the second objection of instability’ is largely’ overcome. The

to angulate the trochanter away’ from the ilium so that the function of the abductors is re
feiation-"-

extremely’ ingenious operation, suggested by Dr. James Dickson, provides excellent mcc i

It xidll certainly produce prompt bony union at the site of the fracture. The only doiibt m

regard to the late results. Will the additional operative trauma predispose to aseptic necrosi

oiTR-cAL OF bone and J



Fig. 4 Fig. 5

Fig. 4: Roentgenogram taken after manipulation; the plate shows a reverse curve and reveals that the
most recent fracture (arrows) passed through what was intact cortical bone, rather than following the old
fracture line. In the course of the manipulation, the middle screw has obviously been loosened.

Fig. 5; Roentgenogram taken October 30, 1946, reveals solid bony union. Apparent change in position is
duetto e.vternal rotation at time film was taken.



HAND SURGERY

Presidential Address *

Br STERLING BUNNELL, AI.D., SAN FRANCISCO, CALIFORNIA

It is a pleasure to see the American Society for Surgery of the Hand established and on its wa}'. Tiiis

Society was born from the enthusiasm of the officers of the late War, who reconstructed the hands of our

wounded. It was found by many that hands could be reconstructed and that the results were good.

Why are we banded together in this Society? What is the interest that we share? It is in part the search

to overcome the difficult, as a chase for the will-o’-the-wisp. We are beginning to catch up with it; w'e arc com-

mencing to learn how to reconstruct such an important and indispensable organ as the hand. We have found

that the more we delve, the more fascinating becomes this field. It is vast and ever expanding, including as it

does most of the ailments of the extremities and of all of their tissues and structures. There is plenty of room

in tliis field for mental acrobatics, the subject being sufficiently wide to occupy a man’s whole interest. In

diagnosis alone, there is much to learn and much that is alluring. It is fascinating to plan and to carry out an

extensive reconstruction. This involves all the mechanics of the hand and the action of the nerves and vaso-

motor system, bringing useful motion, sensation, and nutrition. It is the big field of surgery of the extremities

in miniature, and includes all the principles of these tissues. It is the jewelry of orthopaedic surgerjL There

is also the human interest—the social side—for most men earn their living by their hands. How much it

means to the patient to restore to him wffiat he has lost, when that loss is the use of his hands I

Our Society is composed of men with a kindred interest, for mutual benefit; for altruism, not unionism;

and to increase and disseminate knowledge of the hand in every phase of hand surgery. We should encourage

men to enter this important field, and should promote research in it.

A function of this Society should be to maintain an evaluation bureau or registry to determine and

tabulate all methods, and to promote those which yield the best results. Another function should be to main-

tain a committee to aid research workers. It could act in an advisory capacity, encouraging them in meeting

problems : and also in coordinating and in preventing duplication of work. Stimulated by our common goal of

advancement, we will find many other waj's to further surgery of the hand.

Surgery of the hand has lagged behind in surgical progress. Surgeiy of the foot, which started with

wrenchings and tenotomies, has gone ahead. It was not from any lack of importance that surgery of the hand

lagged. The obstacle was that the repair of the hand presents an intricate, complex problem. Reconstruction

of hand' is now successful, as shown by the fine results achieved by the many men who did this work m

the A ' ay and elsewdiere. In nine General Hospitals, to which the care of hands was assigned, man}’' thousani s

of hands were treated. For the first time in any war, through the foresight of Surgeon General Norman •

Kirk, in our Army, hands were treated as an entity. This viewpoint of having hands repaired by men train

in this specialty, hand surgery, was responsible for the good results.

In the mass production of these systematized hospitals, it was demonstrated thoroughly that the lan

should be treated as an entity; and it is hoped that this classification, the merits of which have been prove m

this War, wiU be perpetuated. This applies also to organized civilian hospitals and to private practice.

^

The hand specialist is not a tissue specialist; his work is regional or anatomical, just as with the specia

of eye and ear, or nose and throat. His background must include the fields of the three tissue

plastic surgery, nem-osm’geiy, and orthopaedic surgery—and he must treat the region as a whole. Han ^r^

struction is intricate, and it cannot be learned in a few months. It should even include rehabilitation an

social aspects.
.

.

unit starts at the elbow, but dynamically it starts at the

like palmistry, which stops at the must, but in a broad sense it s lou i

^

The hand as a mechanical unit

cortex. The hand specialty is not like palmistry

the whole d}’namic problem which affects the use of the hand. The nerves of the brachial plexus and of *1“'

arm are mostly hand nerves; the hand is dependent directly upon them. Since the hand is in
iia?

tant.part of the arm, the object of the arm is to innervate and support the hand. As Roivley

stated: “The surgery of the upper extremity is the surgery of the hand”. to

The best results in our Army were not obtained by passing hand surgery from one

another. The best results were obtained when one man alone, dealing with the problem as a v >

to these three aspects. The skin covering was then applied with consideration of hand
probkin-

structm-es, and of future procedures that could be knowm only to the one responsible for the

Although hand surgery probably consists more of orthopaedic surgery than of plastic surgcr} or

the nerves should .be repaired when the hand and forearm have been dissected and lie open, ms

jliinoJ-*

Presented at the Annual Meeting of the American Society for Surger}’ of the Hand, Clue* „

Januar}’ 25, 1947.
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SPINA BIFIDA APERTA AND CONGENITAL STRICTURE
OF THE SPINAL CANAL''

BY PBOF. DB. MUNIll A. SAllPYHNEK, ISTAKBUB, TUIlKEY

From The Clinic of Ivfnntilc and Orthopaedic Surgery, Istanbul

A review of the international literature indicates that, in some cases of spina bifida

occulta, the laminae, which siiould normal).y meet posteriori}'', curve toward the vertebral

canal, causing constriction. Recentlj'', the Avriter has found that the congenital stricture is

not always found in the same region as the spina bifida occulta. In some cases, there have

been strictures without any evidence of spina bifida. In every case of spina bifida aperta,

search must be made for a stricture somewhere in the spinal canal. A recent case proves the

correctness of this point of view and is worthy of publication.

Case 1. M. T. was twenty-two years old when he 6rst came to our Clinic. Four years before, he had

been operated upon at another hospital, and a tumor as large as a new-born infant’s head had been removed

from the lumbosacral region. Despite the operation, there had been no improvement of the enuresis, spastic

gait, or flexion of the hips from which he had been suffering. After a preliminary spinal puncture, a suboc-

cipital injection of 40 per cent, lipiodol was given. Although most of the opaque oil stopped at the level of the

first lumbar vertebra, a few drops extended down to the second. Laminectomy was performed between the

Fig. 1-A Fig 1-B

Fig. l-.A; M. T. Roentgenogram taken after suboccipital injection. The lipiodol has stopped at the
firet lumbar vertebra.

Fig. 1-B; Roentgenogram taken after laminectomy of the fiist and second lumbar vertebrae. The
lipiodol has descended to the lower part of the spinal canal.

* Edited by Leo flayer. M.D., Xew A'ork, N. Y.



S26 NEWS NOTES

The American Board of Orthopaedic Surgery wall hold its next examination—Part II—in Chicago,

Illinois, on January 22 and 23, 1948. The deadline for receipt of completed formal application and application

fee is September 15, 1947. Letters of request and applications received after this date cannot be accepted.

Applications for Part II of the examination, as well as correspondence related to the special qualifications

to fulfill the requirements for both Part I and Part II of the examination, should be sent to the Secretary of

The .\merican Board of Orthopaedic Surgery, Dr. Francis M. McKeever, 1136 West 6th Street, Los .\ngelci

14, California.

PATHOLOGICAL DIAGNOSTIC SERVICE

The American Academ}’’ of Orthopaedic Surgeons by yearly appropriation finances the Registry of

Orthopaedic Pathology, a constituent member of the American Regis'try of Pathology. The Registry is

in operation at the Army Medical Museum at present.

The Registry offers full, prompt diagnostic service by skilled men who are particularly' interested in

skeletal pathology on all lesions of bones, joints, and muscles, including tumors. It also holds cases in its

files for follow-up in a very efficient manner.

As this is a nation-wide repository, great quantities of pathological material will accumulate for study

and research. Individual cases, however, will be reserved for the referring surgeon, unless permission is given

to release the material for general use.

Prepared specimens, gross or microscopic, should be sent by local pathologist or laboratory to: Registry

of Orthopaedic Pathology, Army’ Medical Museum, 7th Street and Independence Avenue, S.W.,Washington

25, D. C. If possible, an abstract of the case history and the roentgenograms should accompany' the slides

or tissue. Quick diagnosis is afforded if properly prepared material is sent.

Surgeons are urged to avail themselves of this advantage offered by the Academy'. There is no charge

for this service.

Robert IF. Johnson, Jr., M.D.

Chairman of the Committee

THE BRITISH ORTHOPAEDIC ASSOCIATION

The Spring Meeting of The British Orthopaedic Association was held at University' College, Exeter,

and the Princess Elizabeth Orthopaedic Hospital, on April 25 and 26,-under the presidency of Mr. George

Perkins, M.C.
.\ symposium on “Surgical Treatment of Tuberculosis of Bones and Joints” was opened by Mr. G. R-

Girdlestone, who stressed the importance of strict criteria in the estimation of the results of treatment, an

remarked upon the rarity' of dissemination of the disease by operation, if the operation is well timed, an

preceded and followed by immobilization. He condemned concern with the local lesion to the exclusion o

the treatment of the tuberculous patient as a whole, and emphasized the importance of prolonged caie a ^cr

discharge from the hospital. He attached much importance to serial estimations of the ery'throcyte sec

mentation rate in assessing progress. . .

Mr. Norman Capener gave a valuable and comprehensive review of tuberculous disease of

351 patients, emphasizing the differences in the disease and its response to treatment in children an

In the first fifteen years, involvement of the lower thoracic (dorsal) area predominated; after^ar s

lumbar region was more commonly' affected. Of the series reported, 177 patients were treated by' art

with no' mortality' within the first nine months. The tibia, which provided the graft, was fractured on y
on

in contrast with the experience in traumatic cases. Mr. Capener thought that the key' to the trea me

thoracic spinal disease might be treatment of the abscess.

Mr. M. C. Wilkinson, speaking of tuberculous disease of the hip, stated that he had found an uns^

hip in twenty-two out of fifty patients, treated only conservatively. The value of the operative
^5^5 ^

measured by' its success in securing stability' and in safeguarding against recurrence. In seventy'- vc;

Mr. Wilkinson’s operative mortality was two deaths early and two later. He had used

medial displacement of the distal fragment, but lately' he had supplemented this with an extra

femoral graft, slid along the upper border of the neck. Operation was performed in the

disease after the patient’s resistance had been raised by' conservative treatment; and the re-ossi

ensued might be ascribed, perhaps, to auto-inoculation or to the decompression of tubercu
q^iie

Wilkinson said that bony ankylosis might take as long as two y'ears, although the hip usua
y

^

stable before that time. Many’ roentgenograms of patients so treated were shown. Mr.

displacement osteotomy' was often of great value in the treatment of tuberculous hip joints
produce*)

by Mr. D. Wainwright, who showed how a combination of osteotomy' and an ischiofemora by

rapid bony ankylosis. Mr. Wainnright showed also the result of supplementing long by

traction, so that not only was apparent lengthening produced by' angulation, but also r^
^ ^ Britts'"

distraction. Dr. J. Delchef advocated earlv arthrodesis, while the disease was still active, r-

,oivT sCBorr-'
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surgery in such cases. Mr. ^I. H. Salz showed some cases of s3movectomy of the knee joint, and Mr. A. E.

Jowett demonstrated arthrograms of this joint with opaque media.

At the business meeting, the following elections were made:

Honorary Fellow:

M. X. Smith-Petersen, M.D., Boston, Massachusetts

Fellows:

F. P. Fitzgerald, F.R.C.S., London

R. D. McKellar Hall, F.R.C.S., Perth, West Australia

H. I. jMaister, F.R.C.S., Cape Town, South Africa

S. M. Milner, F.R.C.S., Manchester

S. B. Morris, F.R.C.S., Auckland, New Zealand

Associate Members:

E. W. 0. Adkins, F.R.C.S., Stanton-bj'-Bridge

Ross Bloom, F.R.C.S., London

J. F. Bourdillon, F.R.C.S., O.xford

J. Tulloch Brown, F.R.C.S.E., Motherwell, Lanarkshire, Scotland

A. F. Br3'son, F.R.C.S., Loughton

J. E. C. Cherry, M.D., F.R.C.S.L, Dublin

P. X. Cutner, F.R.C.S.E., London
F. W. T. Da^'ies, F.R.C.S.E., Porthcawl, South Wales

T. Denness, F.R.C.S., Delhi, India

T. J. Fairbank, F.R.C.S., Reading

P. A. M. Fitzgerald, M.D., M.Ch., Dublin

G. C. Gordon, F.R.C.S.E., Sheffield

Stewart H. Harrison, F.R.C.S., Birmingham
C. HoUenberg, M.D., M.Ch., London
R. A. Iving, F.R.C.S., London
Xorman S. Martin, M.D., F.R.C.S., London
J. S. Ma.xwell, F.R.C.S.E., Edinburgh
G. Osborne, F.R.C.S.E., Southport

Marion A. Pearson, F.R.C.S.E., Glasgow
C. C. Slack, F.R.C.S.E., Southport

D. F. Thomas, F.R.C.S., Scunthorpe
F. R. Tucker, M.D., M.Ch., FJR.C.S.E., Southport

R. F. Winckworth, F.R.C.S., Taunton

Surgical Appliances Research Fellowship:

John Gull

It was announced that the 1947 Annual Meeting would be held in Manchester on October 24 and -

THE INTERNATIONAL SOCIETY OF ORTHOPAEDIC SURGERY AND TRAUMATOLOGY

The first meeting of the Societ3’’ since the War was held in Brussels on October 3 and 4, 1946.

ing the United States at this meeting was Dr. H. W. Me3"erding of Rochester, Minnesota, and ^ ^
jj

meeting it was voted that he should preside at the next Congress, which will be held in Ai^ er

September 194S. Three new countries were admitted to membership in the Societ3’’, Iceland, i

.fj-gn

Turke3^ It was decided to increase from fort3' to sixt3
’' the maximum number of members in t e o

an3
' one countr3'. (c

One of the most interesting sessions of the meeting was devoted to multiple-stage
jnosl

other methods for the functional improvement of patients after amputation. It was agree
so

important factors to be considered are suitable treatment of the stump so that it will be more
gjucat^

that it can be easib* adapted to a prosthesis; how to deal with the painful stump; and hon es

the patient to control his prosthesis.
_ jje men-

The leading report on multiple-stage operations was given b3^ Mr. George Perkins o
^ ggntcr

tioned the advantages of the IG-ukenberg operation for patients who are blind, or who hve ar
gp]i((inc

where a prosthesis ma3
' be renewed or repaired. This operation produces an unsightty stump,

ccn^c-

the forearm into two prongs, but it thus renders a prosthesis unnecessary. The patient retains^

tion. In Berlin this technique was followed on 600 patients who had lost both arms, an ,
as a ru ,
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upper margin; I ho Iioacl of Iho femur resembles the bumper of a tnain; the area of ossifica-

tion sliows fragmentation; and tlie neck is shorter. In malum coxae juvenilis, there is an

abnormality of the o.ssifieation zone of the neck, di.sjilacement of the head, flattening of the

capital epiphy.sis, and diminution of the angle of the neck of the femur. All of the changes

indicate a widespread dystrophy, most, probably caused by interference with the trophic

nerves. The accomjianying atrophy of the soft tissues may be partly due to inacthdty, but

more probably to trojihic influences.

REFEUBNCES

DRACiiTcn, R., u.vD Go.'^.‘5M.\nn', .1. R.: Chinirgie dcs Kiiuteviltor.s. I^cipzig, F. C. W. Vogel, 1930.

HoffA, Albcut: T>clirhiich dor orthoiiiidisrhon Chinirgic. Stutlgart, F. Eiiko, 1905.

DE LoRiMiEn, A. A.: The .Vrlhroiiathies; A Handbook of Roentgen Diagnosis. Chicago, Tlie Year Book
Publishers, 1913.

McMurhva", T. P.: A I’lacticc of Orthopaedic Surgery. Baltimore, William Wood and Co., 1937.

Merccu, W.alter: Orthoi)aedic Surgery. Ixrndon, E. Arnold and Co., 193G.

Ombhed.vnne, L., et M.vTinEV, P.t Traite do chirurgie orthopddiciue. Paris, Masson ct C'", 1937. i

Sarpyexer, M. a.: Congenital Stricture of the Sinnal Canal. .1. Bone and .foint Surg., 27: 70-79, Jan. 1945.

Sergext, E.; Ribadeau-Dumas, L.; et Baiioxxeix, L., Edileuns: Traitt- do pathologie medicale et de thera-

peutique appliquee, Ed. 2. Paris, IJlirairie Maloine. 103S.

WILLIAM BARNETT OWEN

1880-1947

William Barnett Owen died on February 23, 1947, after a short illness, at his home in Xiouisville, Ken-
cky. He was sixty-si.x. His death brought sorrow to liis manj' friends, by whom he was held in high esteem,
th as a man and as a surgeon.
De Owen was a native of Kentucky, the son of Mr. and Mrs. Jordan Owen, with whom he moved to

uisviile in 1893. He was graduated from the University of Louisville Medical School in 1903, and completed
> Tiaining in ori})opaedic surgerj' at the Hospital for the Ruptured and Crippled in New York. He began
> piactice in Louisville in 1906, and devoted the entire forty years of his professional life to the teaching and
vancement of orthopaedic surgery and to the care of orthopaedic patients in the community.

Earl}’' in his career as an orthopaedic surgeon. Dr. Owen realized the many disadvantages attendant
ion the care of the crippled child in the wards of the average general hospital. With the aid of many of his

voted friends and the cooperation of the Kosair Temple of the Shrine, he undertook the founding of a
ippled children’s hospital for Louisville. The Kosair Crippled Children’s Hospital was opened in 1925 with
r. Oflen as Chief of Staff, a position he held until his death. Under his able direction and guidance, the

ospital developed into an institution of over one hundred beds, with the equipment and trained personnel

-ce^ary to provide for the many phases of modern orthopaedic surgery.
uring the severe epidemics of poliomyelitis which have occurred throughout the country in recent years,

value of this Hospital to the community has been amply proved. It will continue as a monument to his
ision and the unselfish service which characterized his life.

^^fsssor of Orthopaedic Surgery at the University of Louisville Medical School and Chief of the

opaedic Service at the Louisville General Hospital, Dr. Owen contributed much of his time to the teach-

surgery. He was an active member of manj’' medical societies, including The American
opaedic Association, The American Academy of Orthopaedic Surgeons, and the Southern Surgical

^sociation.

j
t remain in the hearts of his family and friends as a kindly man, possessed of an abundant sense
umor, yet unswerving in his adherence to the principles of honesty and integritj’ which characterized

^'-personal and professional life.

3. JULY 1947
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the femur, it is inversely proportional to the length of the stump. Lateral swinging of the trunk aims at two

effects: to make sure that the pelvis is kept straight in proper relation to the prosthesis, and to make up

eventuall}- for the lack of static equilibrium of the apparatus. To avoid swinging, the stress on the stump

should be in the same line as the stress on the foot.

Dr. Sven Kiaer, of Copenhagen, reported that in 1,083 amputations made in the orthopaedic hospital

in that city during the years 1936 to 1945, there were found only twenty-six cases of painful stumps. Treat-

ment should be started earlj', and according to the peripheral or to the central origin of the pain, an operation

should be performed on the irritating focus or on the chorda or on the brain cortex.

Dr. Van Assen, of Rotterdam, described re-making of the arch of the foot after excision of the big toe

and of the first metatarsal bone. He divides the base of the second metatarsal bone, and fixes the distal frag-

ment to the first cuneiform.

Professor Sandro Marconi, of the Ospedale Umberto e Istituto dei Rachitici, Brescia, prefers an amputation

through the metatarsal bones to the Sharp, Lisfranc, or Pirogoff methods. He considers the Gritti amputation

preferable to amputation at the lower third of the leg. For the upper limb he recommended the Krukenbcrg

operation.

Part of the meeting was given over to the presentation of special reports. Dr. Merle d’Aubigne, of the

Hdpilaux de Paris, spoke of operations on those wounded in the War, which he had performed in the Centre

National de Chirurgie Reparatrice de Paris. He pointed out that with cancellous bone it is possible to rebuild

a bone extremity, and to obtain mobility in the new joint. In regard to the shoulder, he feels that it is bettci

to aim for ankylosis; while in the elbow joint, it is possible to replace the trochlea of the humerus by a bone

fragment cut from the iliac wing. In the knee joint, the destruction of one of the condyles may be repaired,

using the patella as a pedicle graft and completing it by grafts of cancellous bone.

Dr. Maurice Guilleminet, of Lyon, told of three cases in which he restored functional opposition of the

thumb by transplantation of the flexor pollicis longus, and the local adaptation of the method of medullar

pinning of the long bones.

Dr. Meyerding, of Rochester, Minnesota, presented a report on the surgical treatment of primary

malignant tumors of bone, which include osteogenic sarcoma, fibrosarcoma, Ewing’s sarcoma (hemangio-

endothelioma)
,
multiple myeloma, and primary giant-cell sarcoma of bone . He stated that surgical treatment

is the best method in such conditions, as it permits biopsyq with gross and microscopic study of tissue, which

are valuable aids in diagnosis. The surgical treatment depends upon the location of the growth, the extent

of the lesions, and the grade of degree of malignancy, all of which are important factors to be taken into

consideration. Routine roentgenographic examination of the thorax should be performed, in order to excluc c

recognizable metastasis to the lungs. .Mthough efficient laboratory facilities permit earty diagnosis, it will e

impossible to give to the patient who has a primary malignant tumor of bone an improved prognosis, unti

all general practitioners carry out routine roentgenographic examination of all painful areas.

In cases of osteogenic sarcoma, of the patients treated surgically. Dr. Meyerding found that 23.4

cent, lived five or more years; whereas, of those treated by non-surgical methods, no patient survivec o>

five years. In cases of fibrosarcoma, of the twenty patients traced, eight, or 40 per cent., survived for fi\e or

more j'ears. Earty amputation in these cases of fibrosarcoma, arising from or involving bone, offers t e e.

prognosis. In Ewing’s sarcoma (malignant hemangio-endothelioma), the lesion is often confused "d

'

flammatory' lesions, especially osteomyelitis. There has been a trend toward radiotherapy of this lesion, a
^

which the tumor may disappear entirely. Dr. Meyerding believes that biopsy and surgical
^

necessary and justifiable in the attempt to clarify a diagnosis. Practically 88 per cent, of his patien s

microscopic verification of the clinical and roentgenographic diagnosis of malignant hemangio-endot

of thirty-three patients who had amputations and were traced, eight, or 24.2 per cent., were living

more years later. Of twelve patients who under\vent excision and were traced, two, or 16.7 per cen

lixnng five or more years later. The value of irradiation therapy is demonstrated by the fact that, o

^

seven patients who were treated by this method and later were traced, eleven, or 23.4 per cent.,

five or more years. Seven patients who had not received treatment were traced, and were found to av

within five years.

Multiple myelomata are classified among the primary malignant tumors of.bone, but are consi

as manifestations of disease of the lymphoid system than as manifestations of bone disease.

Mr. H. Platt, of Manchester, discussed giant-cell tumors of the long and flat bones. He emp

considered
more

emphasized (he

fact that tumors must not be confused with bone cy'sts; they are epiphyseal and not metap }s

Stress should be placed on the aggi-essive character of the tumor for this determines the treatmen ,

mainly surgical; roentgenotherapy should be reserved for non-operable tumors. Giant-cell

are extremety rare. Mr. Platt stated that he had seen only four, and one of these belonged to t e x

tj'pe. None of the four patients lived more than a j^ear after operation. '

f ^ p first
di'-

Dr. E.-H. La Chapelle, of Amsterdam, presented his studies of hunger dystrophy o
“ar-

scribed in 1919 bj’ Viennese clinicians. Before that time, the disease had been called r eu
.

thritis deformans”, “neuralgia”, “m3-algia”, “neurasthenia”, or“h3'steria”.
The patients

up
D’

ache and pain in the legs, increased b3' walking, and they have a waddling gait. The3
^ hoist c

_r srr-oO’-’
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News Notes
The United States Chapter of the International College of Surgeons will hold its Twelfth 'Assembly

and Convocation at the Palmer House, Chicago, from September 28 to October 4, 1947, under the general

chairmanship of Raymond W. McNcaly, M.D. The program includes the presentation of scientific papers,

round-table discussions, and ojjcrative clinics and'demonstrations at various Chicago hospitals.

The First European Rheumatology Congress will meet in Copenhagen and in Aarhus, Denmark,

from September 4 to 8, 1947. Discussions will be conducted on the Etiology and Pathogenesis of Rheumatic

Fever and Rheumatoid Arthritis, on the Treatment of Rheumatoid Arthritis, on the Social Importance of the

Rheumatic Diseases, and on the Bioclimatological Problems of Rheumatology. Information may be obtained

from the Bureau of the Congress, 10, Rysensteensgade, Copenhagen V, Denmark.

AMERICAN SOCIETY FOR SURGERY OF THE HAND

The fii-st meeting of the recently organized American Society for Surgery of the Hand was held in Chi-

cago on January 24 and 25, 1947, under the presidency of Sterling Bunnell, M.D. A program consisting of

moving-picture demonstrations, presentation of cases, and formal papers was presented at Thorne Hall on

the Lake Shore Drive campus of Northwestern Univereity, Friday, January 24; and a second program of

formal papera was presented at the Palmer House on Saturday morning, January 25.

On Friday morning, William H. Frackelton, M.D., presented an excellent motion picture, demonstrating

the surgical reconstruction of a hand with irreparable palsy of the median and ulnar nerves and a loss of the

long flexor of the thumb. In this patient, operated upon at the William Beaumont General Hospital, the

sublimis tendons were attached to the proximal phalanges of their respective fingers as a substitute for the

paralyzed lumbricales and interossei; the thumb was brought into adduction with the aid of a tendon graft;

and a graft was substituted for the injured flexor pollicis longus. The grafts were attached to their respective

insertions with the aid of “pull-out” wire sutures. The prolonged operative procedure was carried out in one

stage, and the final result was excellent.

Harvey S. Allen, M.D., Michael L. Mason, M.D., and Sumner L. Koch, M;D., then presented three

groups of cases, illustrating the care of compound-injuries of the hand, division of the nerves and tendons of

the hand, and the use of tendon grafts for injuries of the flexor tendons of the fingers. These cases represented

various stages in the postoperative care: Some of the patients had recentlj' been operated upon; in others a

number of months had passed; and in some sufficient time had passed to evaluate the result.

In the care of compound injuries with fractures of metacarpals and phalanges, Allen stressed the value of

the “ universal splint” for maintaining the “position of function”, which he and Mason had worked out in

Italy and found of especial value in the treatment of severe compound injuries.

On Friday afternoon a group of formal papers were presented, all of them illustrated with lantern slides.

Darrel T. Shaw, M.D., and Robert L. Payne, M.D., discussed the use of pedicled flaps for -repair of soft-

tissue defects; Clarence A. Luckey, M.D., and Henry D. Moon, M.D., discussed post-traumatic oedema of

the dorsum of the hand; Major J. William Littler demonstrated metacarpal reconstruction with the aid of
bone grafts; and Merle M. Musselman, M.D., and William H. Frackelton, M.D., reported their work on ray
transference for metacarpal injuries.

'

The last presentation was a moving-picture demonstration of “Surgery of the Hand”, prepared at
various naval installations under the direction of George V. Webster, M.D. The immediate closure of am-
putation defects with the aid of pedicled flaps and subsequent separation of the remaining portions of the
fingers, the repair of burn contractures, and, the use of tendon grafts, in addition to a number of other
surgical procedures, were depicted with e.xcellent color photography.

A second group of papers were presented on Saturday morning at the Palmer House. Discussions of
chronic tenosynovitis of the forearm and hand by Thomas W. Stevenson, M.D., and the use of cellophane
as an interposition substance bj' A. W. .farmer, M.D., were followed by the President’s Address and by a
symposium on tendon transfers. Samuel B. Fowler, M.D.,. discussed the extensor apparatus of the finger;
Julian M. Bruner, M.D., the use of the e.xtensor pollicis brevis to secure abduction of the little fingqr; Walter
C. Graham, M.D., the use of the flexor sublimis to secure abduction of the index finger;' and George S.

Phalen, M.D., and Richard C. Miller, M.D., the use of the extensors of the forearm as a substitute for the
flexors of the fingers.

The next meeting of the Society will also be held in Chicago, January 23 and 24, 1948, but it is planned
that subsequent meetings will be held in different cities. The coming meeting will be open to guests, and more
specific information concerning the program may be obtained from the secretary, Joseph H -Boj-es, M.D.,
1401 South Hope, Street, Los .\ngeles IS, California. ,
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Die verletzte Haxd. Erkexxe'xg, Beh.axdlttxg tjxd Behaxdluxgsergebxisse der Fixgek-

rxD Haxdverletzuxgex uxd Ixfektioxex (The Injured Hand). Dozent Dr. Karl Ivromer. Wien, Wil-

helm Maudrich. 1945. 84.00.

In the Preface of this 300-page volume on the injured hand, the author’s preceptor, Lorenz Boliler,

stresses the frequency of hand injuries in industry (from 40 to 50 per cent, of the injuries in industry in various

countries) and the fact that, in past years, approximately one third of the compensable expense for hand and

finger injuries was incurred because of infection and loss of movement (contractures and fixation). Bohlcr

suggests that inmiediate and skillful surgical treatment of the injured hand is the essential factor in preventing

these complications and in securing a successful result.

Bohler states that he employs no chemical agents and no sera, except tetanus serum, and has no medico-

mechanical or physiotherapy department. He recommends to others that, for the field of industrial surgery,

they lock up the bacteriological, serological, and chemical laboratories and the medicomeclianical and

physiotherapy institutes, as they are constituted at present, because they only distract attention from what

is essential.

Kromer divides his thesis into four parts. The first half of the volume is devoted to the diagnosis, treat-

ment, and results of treatment of recent (frische) compound injuries of the hand; the second half to the treat-

ment and results of treatment of infected injuries and of acute infections of the hand; to the diagnosis, treat-

ment, and results of treatment of recent closed injuries; and to war injuries of the hand.

In the first half of the volume, devoted to recent injuries, the author details clearly^ his conception of the

proprer inunediate treatment of open wounds,—careful cleansing, wound excision, and repair. Every worker

in this field would commend the clear-cut principles he has outlined; and the splendid results he has secured

speak both for the correctness of the principles laid down and for the manner in which they" have been carried

out.

Kromer advises cleansing of the field about the wound, but to the wound itself he applies iodine or a dye

antiseptic to facilitate wound excision. Conduction anaesthesia is used for the field of operation. Wounds are

classified into those which involve covering skin; those with opening of the tendon sheaths; those with ten on

injury; those with tendon di\dsion; those with injury and dudsion of nerves; those with division of larpb oo

vessels; those with compound fractures of phalanges and metacarpals; and those with compound joint in

juries, defects of the skin, and burns. Brief sections on foreign bodies in the hand and on injuries from m

delible pencils are also included. ,

One gains the impression that, in spite of the very serious injuries of the soft parts which are iHus

the majority of the 1.373 wounds were not severe, for, in the section on Nature of Injuries, the author

only six w ith dhdsion of supeiKcial flexor tendons, five with division of deep tendons, nineteen w ith t

J'
of both flexors, and twenty-seven with division of extensor tendons. In other words, only' fifty'-seven o

wounds of hand and fingers resulted in diidsion of the flexor or extensor tendons. No mention is ma ®

tabulation of nerve injuries; and the question of nerve injuries is dismissed with a few brief

the statement that the results of nerve injuries will be considered in a study to be reported in t le

The treatment of skin defects with Reverdin grafts and the treatment of burns of the hand wi

acid and ointments offer a sharp contrast with the skillful treatment accorded wounds of the so P‘^__

the earlier sections of the volume. A case illustrated by Figure 300, for example, with an

covering tissue of the dorsum of hand and fingers, simply' “cries out” for a large graft of partr-t nc

but the reader is left to guess what was done and what result was obtained.
_ . g^ypesoi

An elaborate statistical summary of forty'-five pages follows the detailed discussion o
injumJ

open wounds, and even includes statistics as to the duration of compensation pay'ments ma

patients. In the second of these tables the author states that, of 1,373 fresh wounds, 1,352 hea e

inflammatory symptoms, eighteen with local inflammatory symiptoms, and three with progress^
^

tory symptoms. These statistics, and the fact that only 34.5 per cent, of the 1,136 patients
clas-dfii''*

treatment, also convey the impression that the injuries in many' of the cases listed would hai e o

as minor.
, ... tl era suniniab'

The section on infected wounds and acute infections of the hand is disappointing. It is m i

jireclion'

of the contributions of others than a clear-cut presentation of demonstrated principles an e p

as to treatment. Pjg exccH''''*

The section on closed injuries of the bones and joints is well illustrated, and demons
cplintifl-'

results the author has obtained by immediate reduction of complicated fractures and " ®
*^,remail

exten"''’"

Plaster-of-Paris has been used almost exclusively', with the addition of Kirschner v ires or Oo

m occasional cases.
tx-t
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sitating double surgery. Tlie British custom of including iierij)licral-nerve surgery in orthopaedic surgery

works well, as the neuromuscular asijcct is, of course, one problem.

Some points of progress in the reconstruction of hands in the Army may be of interest. All the knowledge

gained was pooled among the groups. It was found that, if hands arc kept moving, they do not stiffen. New
covering was found lo be best when made bj’’ abdominal flaps in two procedures; or, if the area was not

suitable, tube pedicles in one or two more steps were necessary. There should be no raw surface, as this in-

creases stiffening. Free thick skin grafts sufficed for surface burns. Much bone carpentry was done, the

favored graft being cancellous bone from the ilium; fixation was accomplished by pinning. Joints were moved

to positions of function by clastic or spring sijlinting. Proximal finger joints responded well to capsulectomy

and arthrojilasty. Tendon grafts were used successfully when all the principles were adhered to. Many tendon

transfers were used, especially for radial palsy, to establish muscle balance in claw-hand, to correct for loss of

adduction or opposition of tlie thulnb, and to substitute for any or all of the intrinsic muscles.

Repair of nerves within the hand gave good results, as did also nerve grafts of small diameter. For nerve

lesions high in the arm, there was need for collaboration of treatment by one versed in hand reconstruction to

keep the hand in the position of function, to keep the joints and tendons moving, and eventually to transfer

tendons. Occupational therapy proved to be of far more value than physiotherapy, although the latter was

needed for repair of nerve lesions. Manj’’ cases of causalgia were cured by preganglionic neurectomy; and, by

the use of this procedure, other trophic conditions were improved. There were many reconstructions of digits

to give prehension, and in these the importance of nerve supply and motion were recognized. Thumb posts

were useful if made short and thick, and phalangization and osteotomy were also used extensively. Polliciza-

tion of a functioning index finger from tlie same hand, with its nerves and blood vessels intact, proved to be

very successful.

Last June, I wont to England to sec what they were doing in hand surgery. Brigadier Furlong, of London,

had previously come here for a similar purpose, and had carried back with him what we had to offer. He is

now the consultant for hands in the British Army, and I hope he will succeed in making hand surgery an
entity in the British A^m3^ Quite a few men in England are interested in hand reconstruction. Excellent re-

covering after burns and the maldng of webs are done at their four plastic centers, the plastic sui’geons being

the ones most interested in hands. I think they have hand cases there with worse burns than we have.

Cuthbert reconstructed new thumbs, even grafting a joint into one. Seddon was grafting a ring finger from
the opposite hand for a thumb. Pulvertaft showed a dozen excellent results from grafting a flexor tendon plus

a paratenon into a finger, using the removable-wire technique. He and Furlong are attempting to form a
British society for surgery of the hand, such as ours. Among those interested are Gillies, Meindoe, Molem,
IClner, Barron, and Moore. Let us hope that the}' will succeed.

Meanwhile, let us make our omi Society grow in its important work. I am sure that the day-will come
when there null be in the various nations many active reciprocating societies for surgery of the hand. •

THE AMERICAN BOARD OF ORTHOPAEDIC SURGERY
Attention is called to a change in the general qualifications for eligibilitj' to the examination of The

American Board of Orthopaedic Surgery. Each candidate who applies for Part I of the examination of The
American Board of Orthopaedic Surgery after January 1, 1951, must have the following general qualifications:

GENERAL QUALIFICATIONS
1. He must be a citizen of the United States or of Canada.
2. He must be a graduate of a medical school which has been approved bj’ the Council on Medical

Education and Hospitals of the American Medical Association. In the case of an applicant whose training
has been received outside the United States or Canada, his credentials must be satisfactory to the Council
on Medical Education and Hospitals of the American Medical Association and to the National Board of
Medical Examiners; he must have been engaged in the practice of orthopaedic surgerj' in the United States
or Canada for at least three j'ears prior to submission of his application.

3. He must have served an internship of twelve months in a general hospital, acceptable to the Board.
4. He must have spent a year an an approved surgical residency, subsequent to the completion of his in-

ternship.

Note. This change consists of an additional required j'ear of surgical training before the appli-
cant enters on special work in orthopaedic surger}'.

No individual maj* applj^ for Part I of the examination of The American Board of Orthopaedic Surgery
who has not completed at least one j^ear in special orthopaedic training, in addition to meeting the general
requirements.

VOL. 29. NO. 3, JULW 1547



S34 CURRENT LITERATURE

because lie ivas the creator and proponent of skeletal traction as a therapeutic method. In fact, the entire

first chapter is given over to the historical background of this method of treatment.

The author points out that the widespread use of this procedure has brought about results of undisiiutcd

excellence; but, as with every method of treatment, there are very precise indications and contra-indication?

for its use; and there is necessit}" for specialized instruments and a speciallj’^ trained hospital staff, factors

which are not always readily available.

The abuses which have been committed in the application of skeletal traction in cases ivhere it was not

indicated, and its use bj- others than e.vperts, have been the causes of many failures. These failures are to be

charged to errors in technique rather than to faults in principle.

However, there are real dangers inherent in the method, and these the author enumerates and describes.

The two most important are infection and the possible dela}’^ of consolidation which is brought about by

excessive traction. Regarding the first, if the patient is surrounded with all the necessary conditions of asepsis

and antisepsis, signs of inflammation and infection should be lacking. As to delay of consolidation, the author

warns against the use of excessive traction, and he emphasizes the importance of constant roentgenograpliic

control at all times. He states as a fundamental principle the fact that in fractures, once reduction has been

obtained, to continue traction for too long a time and not to permit constant contact of the end surfaces of

the fragments will bring about the formation of fibrous tissue. On the other hand, the forces of concentric

pressure, which act upon the focus, bring about the formation of bone callus. In other words, ideal traction

avoids secondary displacement and aids consolidation.

In the course of the book, many interesting problems are referred to. In the general part, there are in-

r'estigated the e.xperimental study^ of the reactions of bone tissue before the application of traction; in another

section the best and simplest use of skeletal traction is studied. In a special section, the particular application

of the different methods of traction is taken up.

Dr. Ottolenghi has drawn from the e.xperienee of his daily work, and from the opinions of those whom he

considers to be the best writers on the subject. The whole book is well documented, and there is a useful

index, as well as a very complete table of contents.

Recent journals have gone more fullj’’ into the use of traction during the War, but the author indicates

that he has made no effort to include such series of cases.

A Svxopsis OF Orthop.xedic Suhgerv. a. David Le Vay, M.S.(Lond.), F.R.C.S.(Eng.). London, H. If.

Lewis and Company Ltd., 1947. 15 shillings.

It is stated in the Preface that this volume is not intended to be other than a “factual survey' of ortlio-

iraedic surgery for the use of senior undergraduates, and possibly' for post-graduate students working for

higher qualifications”. Certain subjects, such as rheumatoid arthritis, are treated almost in outline form.

The inclusion of a great deal of material in a small space, although desirable from the standpoint of complete

ne?s. does not promote clear integration or smooth reading.

A moreserious defect isanoccasional tendency' to present only one side of a debatable question: An exanip e

i.? the citation of anomalous neural-arch ceuters as the cause of spondy'lolysis, the contradictory evidence no

being mentioned. In a textbook for students, failure to include a bibliography' is unjustifiable. With some o

the clinical st itistics. many' readers will not agree. The Esmarch bandage is mentioned, while reference to t

less injurious pneumatic tourniquet does not appear. Readers of current American literature will find itumi

sual to see “chnique” used for “clinical picture” or “sy'mptoms and signs”, and “tubercle’ as a synonjo

for tuberculosis”. The author uses the older term “osteitis fibrosa" instead of “hy'perparathy'roidism

The illustrations are diagrammatic line drawings, and as such are limited in value. They' are

ever; and, with rare e.xceptions, accurate. More illustrations might have been added, with bene

unusual to find no representation of a cast, splint, or brace.
,

In certain departments, however, this textbook is well above the average. Brief discussions of em rj

are usually' informative. The author presents a modern view of low-back pain and sciatica. Avasculai n

in general, and that of the femoral head in particular, receives deserved emphasis. The indications an

nique of manipulating partially anky'Iosed joints are covered.
. . dman.'’

The' author has succeeded in treating in a brief space the major orthopaedic disease entities, an

which are of secondary importance. He has appended a detailed and usable index.

Color Atl.xs of He.w.itologv. With Brief Clixical Descriptioxs of Various Diseases. Roy

Itl.D. Philadelphia, J. B. Lippincott Company', 1947. S5.00.

This small atlas will fulfill a very' popular demand for a concise presentation of the most impo

in hematology.
, ^nd tl'’

Chapters are included on the origin and development of cells, the morphology' of °

clinical facts and blood pictures in the various blood diseases. There is a chapter on hemato Oo'ca

as well as one on the blood findings in various laboratorv animals.
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considorcd (hat the liip demanded a dilTerent treatment from the other joints of the lower limb, because it

could be short-circuited from weight-bearing by ischiofemoral arthrodesis.

Mr. .1. P. Campbell reviewed eighty-nine cases of tuberculosis of the knee treated at Harlow Wood Ortho-

paedic Hospital, and found a quarter of the cases to be purely synovial in type. In some patients with osseous

lesions, a serviceable range of movement developed. Intra-articular arthrodesis resulted in bony fusion much

more quickly in cases of more than three years’ standing than in moix; recent cases similarly treated. Bone-

grafting operations were reserved for adults, in whom they supplemented intra-articular arthrodesis or were

used to promote bony fusion where resection of the joint alone had failed. Dr. J. Mortens, reviewing seventy-

six cases, concluded that arthrodesis should be postponed to the age of thirteen or fourteen, if an epiphysis

were involved, but that, otherwise, nine years was not too young an age for the operation.

In considering 118 cases of tuberculosis of the foot and ankle, Mr. B. L. McFarland contrasted the very

good, though slow, response to conservative treatment in children with the frequently poor result in adults,

in whom dissemination or sinus formation frequently made amputation necessary; conservative treatment,

with or without arthrodesis, might be indicated in some younger adults, but in the older patient with tuber-

culosis of ankle or tarsus, amputation was not merely justifiable, but often imperative.

Mr. J. A. Cholmelcj' reviewed ninety-four of one hundred cases of tuberculosis of bones and joints of

the upper limb, treated in the Royal National Orthopaedic Hospital (Country Branch) in the years 1924 to

1946. The parts affected were; shmdder in thirty-six cases, elbow in twenty-five, wrist in twenty-two,

metacarpals and phalanges in ten, and humeral shaft (local lesion) in one. All patients received conservative

treatment, supplemented in a few by operation,—arthrodesis of eight shoulders in adults, excision of an elbow,

and partial excision of another elbow with drainage for secondary infection, and local excision of the local

humeral lesion. Aithrodesis of the shoulder, which was often determined by occupation, gave good results in

adults, with bony fusion in every case, whereas recurrence took place in three of the shoulders not operated

upon. In two elbows, including the one excised, there was recurrence; there was none in the wrist, metacarpal,

phalangeal, or humeral cases.

Sir Reginald Watson-Jones concluded that tuberculosis of bones and joints presented, from the view-

point of treatment, two diseases,—one in children and one in adults. Both demanded conservative treatment;

in children this usually sufficed, but in adults it should often be supplemented by surgical fusion after

quiescence of the disease. He considered that the position was reversed in the case of the spine, which should

be more often artlmodesed in children and more rarely in adults, because, in children, conservative treatment
of thoracic disease left an unstable spine with increasing deformity; whereas, in adults, the disease in the

lumbar area nearly always led to spontaneous ankylosis.

Dr. M. N. Smith-Petersen gave an extremelj-^ lucid account of his operation of cup arthroplasty of the

hip, illustrated by slides and films. The restoration of shapely, smooth, cartilaginous articular surfaces was
demonstrated convincingly.

Mr. W. Alexander Law had found that some 80 per cent, of Dr. Smith-Petersen’s cup-arthroplastj'

operations gave a result satisfying to patient and surgeon, but it was essential that the former should co-

operate actively with exercises for two j'ears.

Mr. H. G. S. Korvin concluded, from roentgenographic evidence, that the pathological changes in

pseudocoxalgia were those of ordinary aseptic necrosis, and that destructive changes were the biological

consequences of the mechanical damage of weight-bearing.
Mr. F. C. Durbin had followed up 525 cases of sciatica and selected 147 cases of sciatica, with neuro-

logical signs, treated wthout operation. Of 123 patients to whom plaster jackets were applied, seventy-nine
were relieved or cured.

Mr. G. Blundell Jones had investigated the penicillin content of the synovial fluid of knees with open
war wounds, forty-eight hours after a single instillation of 100,000 units. He found retention, in adequate
concentration, provided the effusion wms not diminishing. Absorption of effusion led to more.rapid disap-
pearance of intra-articular penicillin; but, at this stage, penicillin was no longer needed in the joint. Penicillin,
given intramuscularly, was not found in adequate concentration in the synovial fluid of the joint, if the joint
were completely immobilized.

Mr. A. L. Eyre-Brook show'ed a patient with bilateral cineplastic forearm stumps and tw’O patients with
Krukenberg forearm stumps. The success of the operations (performed by German surgeonsl was undoubted,
and functiorr appeared particularly good in the Krukenberg stumps on account of the preservation of sensa-
tion.

Clinical cases were demonstrated at the Princess Elizabeth Orthopaedic Hospital by its staff and that
of the Mount Gold Orthopaedic Hospital, Plymouth. Mr. Norman Capener showed cases of lateral rachi-
otomy for Pott s paraplegia and his own modification of Neufeld. nail-plate fixation of pertrochanteric frac-
tuies. Mr. .G. J. Lillie showed cases of osteoclastoma and cnchondroma, treated by radical excision and
giafting. Mr. F. C. Durbin presented examples of arthrodesis of the shoulder, showing short “ tri-fin”-nail
fixation, and of the elbow, showing the value of excision of the radial head. Mr. G. Blundell Jones showed
cases of osteomyelitis of the calcaneus (os calcisl treated by Gaenslen’s “cloven-hoof” operation. He pre-
sented also cases of osteomyelitis of the femur, discussing penicillin treatment and the need for adequate
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muscle strength, as the muscles must then do a good deal of work. The exercises are described in great detail

so that they maj' be supeindsed even b}' a physiotherapist with little experience.

The book contains a number of very instructive pictures. No new ideas are expressed by the author but

it may be a hand\" reference book for surgeons and physiotherapists who wish to give the patient a precise

program for active exercises. In general, the book seems to be an Austrian counterpart of our .American

reconditioning program. It is much less progressive, however, and is too much controlled by the tradition.al

methods of after-treatment prevalent in Europe.

Muscle Testing. Techkiques of Mantjal Examination. Lucille Daniels, M.A., Marian Williams,

and Catherine Wortliingham, M.A. Philadelphia, W. B. Saunders Company^ 1946. .$2.50.

This book represents an up-to-date detailed technical effort toward coordinating and simplifying muscle

testing. The muscle-grading tests are arranged in systematized order for subnormal neuromuscular conditions.

.Mthough at first designed for patients suffering from acute or subacute infantile paralj^sis, these tests may be

equally valuable in any disease or injury in which a disturbance in the neurorpuscular system results in

loss of muscle strength, either temporaril3^ or permanently.

The grading and recording of muscle strength were experimented upon with various types of testing, in

1912, by Dr. R. AT. Lovett. Gravity tests and prepared shaded charts for visual education were followed by

the spring-balance test, devised bj' Dr. Lovett in collaboration with Dr. E. G. Martin. The results of measur-

ing muscle function bj' the spring balance were published in 1916.

.4. helpful chart shows nine different methods of muscle testing which have been used by^ different persons

or groups interested in this phase of work.

The book deals with muscle groups of defined body'^ areas. These groups denote the origin and insertion

of muscles, as well as the joint range and nerve distribution. A'’aluable information concerning prime movers,

fixation of specific group action, and symergistic action as distinct from antagonistic action, accompany a list

of valuable references, .-llong with charted muscle groupings are the gradings of good, fair, and poor muscle

action, with line drawings to amplify the text.

This hcrok shoaT'd be ofespecial value to teachers ofphysical therapyaad to students ofphysicalmedima

It lias many' diagrammatic drawings and is amply illustrated.

Die Scheuermannsche Krankheit und ihbe Difperentialdiagnose (Scheuermann’s Disease and Its

Differential Diagnosis). Dr. J. E. AA’'. Brocher. Basel, Benno Schwabe & Co., 1946. 11 francs.

The first thirt.v-six pages of this very short monograph are devoted to a discussion of the disease, the

next ten to a consideration of the differential diagnosis, and the last half of the book to the reproduction of

some 122 illustrations, depicting a variety of vertebral conditions.

The author calls attention to the fact that Scheuermann’s disease, first described in 1920, had been rec-

ognized by Schulthess, in 1905, as fixed round back, and later (1910) by Schanz as adolescent kyphosis or

vertebral insufficiency'.

In the opinion of Scheuermann and others who have studied the condition, it is to be considered

primarily' a disease of overexertion. During its early phases, the sy'mptoms consist primarily of segmontn

stiffness of the spine, round back, and especially of easy fatigability. Before the age of eighteen, pain is sel oni

noted. However, it is during the latent period that the osteo-arthrotic changes and the wedging of the verte-

brae consequent upon disc damage are becoming established. After the eighteenth year, pain in the form o

lumbago, sciatica, and other manifestations of low-back insufficiency become prominent.

The condition is found only' in the erect human being and is apparently due to stress. As a consequen ,

the author insists that rest and reduction of the stress to which the back is subject, whether in play' or

^
should be emphasized. During the formative y'ears, rest, proper posture, and the administration of vitam

andD are recoimseaded. The author heh’eves that the use of the plaster jacket is hstiSed oniy in

lumbar spine. For the treatment of the thoracic spine, the plaster-of-Paris corset is strictly contra-mdica .

in the opinion of the author.

Although this monograph does not seem to merit the dignity of book form, the subject matter is in

ing, well presented, and authoritative.

Ahv.RiCES. Su TR.\TAMiEN'ro BAS.vDo EN LA FLEBOGRAFiA (The Use of Phlebography in the Diagnosis and
Trca

ment of A’’arices). Dr. F. hlartorell. Barcelona, Editorial Labor, S.A., 1946.
t.rial in

According to a brief introductory paragraph. Dr. Martorell first presented much of the basic ma

his present book in 1940 before the Fourth National Meeting of Dermatologists. He is now

results of his own further studies in the use of phlebography in the diagnosis and treatment of vane

as those of several of his associates.
_ . ^ including

°

By way of background, the book gives in concise order a study of the etiology of vances,
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only on one side. The operation is of prime concern to the plasUc surgeon, because a great deal depends upon

the shaping of the flaps and upon the projjer covering of the excess raw area with transplanted skin.

Pain in the stump can result from an ill-fitting socket, an irritated neuroma, or from widespread hypor-

aesthesia of the skin. Of course, the ill-fitting socket can best be remedied by the person who fits the pros-

thesis. Pain caused by an irritated neuroma is the result of repeated traction from adhesions lying between

the neuroma and the muscles or betwt'cn the neuroma and the skin. To iDicvent such adhesions, a careful

suture of the deep fascia should always be made; or, if the adhesions iire between the neuroma and the mus-

cles, the muscles should be made to contract voluntarily within a few days of the amputation.

Mr. Perkins also pointed out that it is not enough to excise a painful neuroma; it is preferable to leave

it undisturbed and to excise a portion of the main trunk higher up, at a site where it can be approached

through virgin tissue, and where the new neuroma will not bo pressed upon by the prosthesis.

•Vs for the treatment of hypcracsthesia of the skin, it presents a difficult problem to the surgeon, since

the underlying cause is obscure. The condition is not cured Iw the excision of portions of all of the main trunks;

nor does chordotomy relieve the symptoms, as a general rule.

The cineplastic operation was advoc.atcd as one which gives the patient additional sources of power.

In an amputation above the elbow, one scapula can be used to control the elbow, the other to rotate the

forearm, and the triceps and biceps are used to open and to close the fingers. The cineplastic operation should

not be performed unless the muscles to be used have an effective range of shortening. They should be free of

scar tissue, and trained by active exercises before the operation.

In the discussion which followed the report by Mr. Perkins, many of the world’s foremost orthopaedic

surgeons took part.

Dr. Annovazzi, of Milan, gave results of 500 amputations, which had been performed as a consequence

of industrial accidents. From his experience, he would advise against the complete primary suture, except

in cases where tissues are healtlw, and even then, according to the dictum of Putti, drainage should be in-

stituted. Whenever there is the slightest doubt as to the viability of tissue, a secondary suture is recommended.

Dr. Bastes Ansart, of Madrid, presented interesting conclusions from cineplastic operations:

1. Bilateral upper-limb amputees should be provided with a double skin tunnel (Sauerbruch) . The
extension tunnel is used to obtain flexion of the fingers; the flexion tunnel, to produce flexion at the wrist.

2. Wlien onlj' one arm has been amputated, a cineplastic operation with the formation of a skin tunnel

may be tried.

3. Bilateral forearm amputees should be provided with Krukenberg stumps.

4. The Pellegrini tunnelization should be used only in exceptional cases.

5. A patient who has lost his thumb can be given another at the cost of his first metacarpal bone.

Dr. Delchef, Director of the Nceryschc Clinique in Brussels, and Dr. Van Cauwenberghe showed a
patient who had had amputations of both forearms; the Krukenberg operation had been done on the left

side on July 23, 1946, and the Pellegrini cinetization on the right on August 17, 1946. The patient was already

using his Krukenberg stump and his temporary prosthesis.

Dr. P. G. K. Bentzon, of Copenhagen, Editor of Ada Orthopaedica Scandinavica, showed a film on pro-

fessional readaptation of amputees in the Scandinavian countries.

Professor F. Delitala, of Venice, director of Chirurgia degli Organi di Movimento, showed a slight modifi-

cation of the Krukenberg procedure, in which very short prongs, not longer than the terminal phalanx of

the thumb, were left. These do not alter the shape of the stump, and have been found to have considerable
strength. Bilateral amputees could be supplied with a phalangization (Puttil on one side, and a shorter
digitation on the other for more delicate work.

Professor O. Scaglietti, director of Bibliognifia Orlopedica, gave the results of his experience at the Islilido

Rizzoli in Bologna, where 3,844 patients have been examined during the five years of the War, and 1,981
operations have been performed.

Professor Marcel Fevre, of VHdpilal Sainl-Louis, Paris, gave his impressions of the Krukenberg opera-
tion as he saw it performed in Austria, at a center for amputees of the German Army at Feldkirch.

Dr. Hendrix and Dr. Kempeneers, of the Orthopaedic Institute and Prosthesis Section of VHdpital
St. Pierre in Brussels, stated their belief that the head of the fibula, or a fibula which is too long, is often a
cause of pain when the prosthesis is applied. In such cases, removal of the fibula is indicated, and may be
done through a posterolateral incision. Later the delegates to the Congress visited operative sessions at their
Clinic, wliich were presided over by Dr. Robert Soeur.

Dr. Marino Zuco, of Rome, presented a film showing recent developments in prostheses.
Dr. Christian Rocher, of the FaculU de Midecine of Bordeaux, spoke of multiple-stage operations on

young amputees, which are required by the unequal growth of the skeleton and the soft tissues. He covers a
wound, caused by the excision of a terminal scar of a femoral stump, by taking a skin flap from the lateral
part of the stump and turning it upside down, using it as a pedicle graft. Stumps which require this procedure
should be straightened, as the3' cannot otherwise be fitted'properl3

’^ with prostheses.
Dr. Scholder, of Lausanne, Switzerland, stated that the importance of lateral swinging of the trunk

depends upon muscle atroph3- and upon the wa3
' the prosthesis fits tlie stump. In the case of amputation of
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The author states that, in surgical reconstruction, the open medullaiy nailing of the femur has definitciv

proved itself in old fractures, pseudarthroses, and after the shortening of wounded and of sound femoni.

In the reconstruction of other bones, the results of medullary nailing are, in general, more unfavorable than

those obtained from emplo3mient of the earlier forms of treatment.

Intramedullaiy nailing has stimulated the studj' of callus formation; for that reason, considerable space

is given to this subject in the present edition.
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tlu'ir hands whon asceiulind tho stairs. Ro('nt(;(’noKrain.s show only a slight dcgreo of dccalcificalion and of

pi'iiostoilis of tlu' polvis, a small honn crack hero or there corre.sponding to an area of alteration of the bone.

Similar changes may be seen in riekets and osteomalacia. Dr. La Chapelle thinks that this type of bone

dystrophy should be considered as the initial stage of osteomalacia. In all such cases, the patients had been

on a restricted low-calorie diet during a considerable lime. All showed a lowering of the scrum albumin.

Very similar to this hunger dystrophy is the syndrome described by Milkman in 1930: a patient with a

considerable number of areas showing alterations of bone or craclcs. Milkman mentioned that his patient

had put hei-self on a reducing diet and lived on orange juice. It is queer that these cracks should be situated

exactly on the spots where fatigue fractures generallj’ occur, which proves that the scat of the cracks is de-

termined by a mechanical factor.

Professor Etienne Sorrel, of Paris, one of the scientific directors of the Revue iV Orthopedic, professed

his belief that penicillin is of great help in the treatment of osteomyelitis.

Dr. Loper.-Trigo, of Valencia, spoke of a new technique of reduction of supracondjdar fractures of the

humerus.

Dr. Robert Soeur, of Brussels, iiresented a study of the results of medullary pinning in ninety-nine

patients. He stated that the operation gave vciy satisfactory results in closed fractures of the shafts of the

long bones; that it is not recommended in comiiound fractures; and that it is applicable to a few fractures of

the epiphysis,—such as fractures of the surgical neck of the humerus or pertrochanteric fractures.

Dr. Kopits, of Budapest, gave a practical method of joint measurement.

Mr. H. J. Seddon, of the Wingfidld-Morris Orthopaedic Hospital, O.xford, showed a valuable film in

which the joint movements of the foot, the knee, and the upper limb could be seen.

Mr. B. H. Burns, of London, spoke of diagnosis and treatment of herniation of the intervertebral disc.

Sir Reginald Watson-Jones, of London, presented a review of 1,000 cases of fracture of the spine, giving

the various types of fractures and their treatment.

Dr. Pasquali, of Bologna, told of the “fork apparatus” which he had used to reduce thirty-nine spine

fractures. By this apparatus, longitudinal traction is exerted on the fracture as well as on- the articular

process in cases of dislocation. In cases of angulation, the normal axis is restored.

Dr. Scaglictti, of Bologna, gave the results of early treatment by abduction in congenital dislocation of

the hip. The hereditary character and geographical distribution of the deformity were considered.

Dr. M. Jaros, of Prague, stated that studies of congenital dislocation of the hip in uniovular twins make
it possible to conclude that the cause of the deformity must be sought in the chromosomes. External mechani-

cal factors would be of only secondary importance. Dysplasia of the hip looks very much like a delay in de-

velopment; it is not caused by roentgenotherapy on the mother, by the overuse of spirits or tobacco, or

by infection. This condition might originate in the lack of mixing of populations in some areas of Europe.

Professor Zahradnicek, of Prague, spoke of the etiology of coxa plana, and showed a new apparatus for

the treatment of congenital dislocation of the hip. The report was followed by a motion picture on the opera-

tive reduction of congenital dislocation of the hip.

Dr. Gruca, of Lw6w, Poland, stated that since 1933 he had performed a resection osteotomy of the hip
in all cases, whereas formerty he had performed arthrodesis. He performs the same operation in all cases

where mobility of the joint is an absolute requirement, in bilateral coxalgia, and in tuberculous arthritis of

the hip and of the knee on the same or on the other side. Where coxalgia is combined with lumbar spon-
dylitis, he feels that the operation is indicated. Treatment is reduced to half its usual length, the cure is more
radical than that following arthrodesis, and the joint remains stable and almost normally mobile. Dr.
Gruca has treated ninety cases with successful results in 90 per cent.

Dr. Delahaj-e, of the Hopital Maritime de Berck, stated that he had had the opportunitj'^ of treating a
sixteen-year-old boy, suffering from tuberculosis of the right hip, osteo-arthritis of the-lumbar spine, and
tuberculous osteo-arthritis of the mid-portion of the right foot. The patient was first seen when the lesions

had reached a chronic stage. The “ varus-adductus” deformity of the foot has been corrected by a cuneiform
dorsal arthroplasty; the ten-centimeter shortening of the right femur was treated by the subperiosteal re-

section of the left shaft of the femur. The Pott’s disease healed spontaneously, and pseudarthrosis of the hip
joint allowed a fair amount of mobility, while stability is very satisfactory. Anatomical and functional fesults
were considered perfect.

Dr. J,-Ed. Samson, of Montreal, Canada, pointed out that he had performed arthroplasty on the knee
more than 100 times, and he gave instances of a few technical details of the operation, and of the importance
of early mobilization. Arthroplasty of both knees is contra-indicated, and in any case, should not be done
before the patient is twenty years old. Performed under favorable conditions, arthroplast3^ of the knee gives
perfect stability, satisfactory mobility, and a painless joint.

At the 1948 meeting, which will be held in Amsterdam, the following questions will be studied:
1. Treatment of arthritis deformans of the hip.

With reports from Belgium, France, Netherlands, Poland, Sweden, and Czechoslovakia.
2. Closed trauma of the spine.

With speakers from Austria, Spain, United States, Great Britain, and Italj’-

VOL. 29. KO. 3. JULY 1B47



ORTHOPAEDIC SURGERY AND ITS PLACE IN THE DEPARTxMENT OF
SURGERY IN OUR MODERN MEDICAL SCHOOLS*

BY LEROY C. ABBOTT, M.D., SAN" ^RA^’CISCO, CALIFORNIA

The first point that I ^YOuld like to stress is the extraordinary'- advance that has been

made in orthopaedic surgeiy since the foundation of The American Orthopaedic Associa-

tion in 1887. YTiile the pioneers in this field undoubtedly en-vdsioned the ever--\ndenmg

scope in our branch of surgeiy, I do not believe that they could have foreseen the tre-

mendous development that has taken place. At the present time, orthopaedic surgeiy

represents the largest special field in the department of surgery in most of our medical

schools. In the majority of these schools, surgery is dhdded into so many specialties that

the so-called department of general surgery’- is practically’- non-existent. It, too, is a spe-

cialized line, confined largely' to surgeiy of the abdomen and neck. Nevertheless, under the

guise of general surgery', this special branch has maintained control and continues to

dominate the entire department of surgeiy. It is possible that this state of affairs may

have been desirable during the early’- period of our development, but changing conditions

have made this domination by' a single branch no longer practical or justifiable.

Orthopaedic surgery has come of age and can stand on its o-u'n merits. It does not

require the guiding hand of any' other branch of surgeiy and, in my' judgment, this per-

sistent domination simply has the effect of hampering progress in our field.

These conclusions ha^•e not been arrived at hastily', but quite the contrary', being

based on personal observation and experience as a student, teacher, and surgeon over a

period of thirty years not only' in orthopaedic surgeiy, but also in,general surgeiy, before

ecialization ms so highly' developed. During that time I have had the privilege of

romoting the growth of orthopaedic surgeiy in three of our leading medical schools,

alifornia, iMichigan, and Washington Uni^'ersity' in St. Louis. I am entirely'jn agreement

lUth the idea, advocated by' outstanding men in all fields of surgery, that a broad general

training and background should be prime requisites to entering a specialized field. Furthei-

more. the opinions set forth in this paper are not prompted by' bias on my part, since my

own e.xperience has been most fortunate, especially during the past sixteen years. Con-

ditions have been extremely favorable, because Dr. Howard Naffziger, Professor of Suigerj

at the University of California Medical School, who is a specialist in his own line of neuro-

surgery', -with an excellent background of training and e.xperience, has very libeial i eas

in regard to other branches of surgeiy. •

,

HoAvever, orthopaedic surgeiy still remains a subdepartment in most of oui me ica

schools, and the heads of such departments do not have the same jurisdiction as the cue

of the di^'ision of general surgery in decisions involving policies of the medical school, an

the arrangement of the curriculum for teaching undergraduate and postgraduate studen s,

nor do they, in most instances, haA'e direct contact u'ith the dean of the medical sc w

as members of the dean’s executive committee. Moreover, they do not have

control of the appointments and promotions in their ov'n departments, nor do they

proper representation in the distribution of the budgets. In the appointment o

and assistant residents in surgeiy—in other words, of the men who are chosen o

basic and broad training of surgeiy—the ad-\'ice of the head of a subdepartraent is se

sought; neither does such advice, if sought, receive authoritative attention, n

does the head of a subdivision have equal status with the head of the di\'ision o su

At this point it might be interesting to trace the history of orthopaedic surger

* Presented as the President’s Address at the Annual Meeting of The American Orthopae

Hot Springs, Virginia, June 29, 1947.
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For every surgeon iiilerestccl in the imineclinlc care of open wounds, tliis volume will jjrove stimulating

and helpful. The rcsidts which t he author has obtained in such cases are admirable and well wortli sti'iving to

emulate.

Tun Intuunau Fi.n;\tion or Faveruans. Charles Scott Venable, M.D., F.-^.C.B., and Walter Goodloe

Stuck, M.D., iM.S. (Ortli. Surg,), F.A.C.S. Springfield, Illinois, Charles C. Thomas, 1947. .S5.50.

In their Preface, the authors state ns the purpo.se of this work, “to give a factual account of the internal

fixation of fraetures with emphasis on the eau.ses of past failures and the criteria for future successes”.

The ijresentation of the early history of metal appliances in the tieatment of fractures represents an

amount of research, and the bibliographies accom|)anying this and other chapters arc a valuable part of the

book.

The experimental studies of the use of metals in surgery, as carried out in different countries, have been

reviewed carefully.

Clinical observations by different surgeons in various count ides have been followed with interest by these

authors, whose names for more than a decade have been associated with the study of electrolytic reactions

of various metals and alloys to the body fluids. They believe that “a clear understanding of the part which

electrolysis jilays in corrosion of metals in the body provides an explanation of many of the previous fail-

ures”.

Reaffirming their belief that conservative closed treatment of most fractures will result in good functional

union, they point out that there arc very definite indications for the use of internal fixation in fracture treat-

ment, and quote Kcnncdj'’s classification of such indications. The Technique of Internal Fixation in various

sites is discussed. This chapter should be of real value to the less experienced surgeon, as well as the two

long chapters on Fractures of the Upper Extremity and Fractures of the Lower Extremity, which give definite

instructions for dealing with different t3'pes of fractures.

A chapter is devoted to the account of the efforts to improve metal appliances, through the research of

many individuals and committees. In 1941, the Committee on Fractures of the American College of Surgeons

appointed a Sub-Committee on Screws and Plates to investigate the entire question. Following the report of

this Committee, and at the suggestion of the Committee on Medical Research of the National Research

Council, arrangements were made with the hletallurgical and Chemistry Departments of Columbia Univer-

sity to cany out experiments on the four metals which the Sub-Committee had decided met their standards

of corrosion resistance, as well as of physical fitness. The tests conducted at Columbia were under the super-

vision of Professor Colin Fink, head of the Graduate Engineering Department; the animal e.xperiments were

carried out at the College of Phj^sicians and Surgeons of Columbia University under the direction of the late

Claj’' Ray Murrajx The report of this Committee is included. Again and again the surgeon is cautioned that

only a single metal should be used in the patient.

The progress made in the development of suitable nails, screws, and plates is most encouraging; there is

need for further research.

The authors have succeeded in presenting a book of practical instructions, as well as a review of the

literature dealing with the internal fixation of fractures. It will be found of special value by all surgeons who
deal with fractures.

The 1946 Year Book op Industrial and Orthopedic Surgery. Edited bj’- Charles F. Painter, M.D.
Chicago, The Year Book Publishers, Inc., 1947. $3.75.

Each j^ear the reader of the Year Book of Industrial and Orthopedic Surgery has been impressed by the
judicious choice of articles to be abstracted from the journals of the year. To bring together into,so small
a volume the important new developments in this field, as well as the more significant end-result studies of

various conditions, requires careful reading and wise selection. The ability to choose wisely and to evaluate
accurately the articles in current literature were gifts which the Editor of this volume brought to his task;
thej^ are as evident in this new volume as in those which.have preceded it.

Since the Year Book of Industrial and Orthopedic Surgery was first started, in 1940, the Editor has been
Dr. Charles F. Painter. His work on the 1946 volume was almost completed at the time of his death, in

January 1947. It is most fitting that the publishers have dedicated this volume to Dr. Painter and have in-

cluded a beautiful tribute to him, prepared by one who had long known him well. Dr. Charles H. Bradford.
The publishers announce that the new Editor of this Year Book will be Dr. Edward L. Compere of

Chicago.

Tracci6n esquel£tica (Skeletal Traction). Carlos E. Ottolenghi. Buenos Aires, El Ateneo, 1946.

Dr. Ottolenghi has presented a thorough-going anatytical re\dcw of the entire subject of skeletal traction.
He states that rightfully a review of the entire bod3' of work done b3' Codivilla should have been included
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Surgery, Sir Robert Jones. The Edinburgh. War Hospital was my assignment. Sir Harold

Stiles was the Surgeon-in-Chief, and he directed a tremendous amount of reconstructive

procedures and operations- on tendons, muscles, bones, and joints. He was recognized as

one of the world’s greatest surgeons, and it was not only a privilege to assist him, but

it was a revelation to witness his delicate and meticulous dissections which covered the

whole field of surgery. It was from him that I first learned the vital importance of an

intimate knowledge of anatomj'- in orthopaedic surgerj^, and the necessity for a broad

general training. His own period of training went back to the days when he was a spray

clerk in the surgical amphitheater of the great Lister.

From Edinburgh I went to London to work in the British War Office until Sir Robert

Jones. This association uith a man of genius was a priceless experience, good friend,

Dr. Robert Osgood, was instrumental in securing this appointment for me, and I cannot

refrain from expressing my gratitude to him for his friendly interest, as well as my admira-

tion for the splendid work he did in the organization of orthopaedic centers, as second in

command to Sir Robert Jones.

Early in the War, Sir Robert saw the need for immediate and adequate splinting of

all fractures on the battlefield, and particularly of compound fractures of the femur.

He initiated the use of the Thomas splint in No Man’s Land, and you are all familiar

uith the results achier ed. Furthermore, he realized that fractures of the femur were kept

in general hospitah m France for too long an inteiwal after injuiy and consequently could

not have the proper definitive treatment. A review of the records of many’- such patients

after they had be'-'ii '-ent back to England almost invariably showed an alarming propor-

tion of deformity jiul 'shortening. He was responsible for the institution of early’’ removal

to fracture centd-- in Great Britain, where definitive care could be carried out and the

fundamental piim ipl ^ of traction and countertraction for restoration of length and align-

ment could 1)0 api'hi d nith splendid results.

) Other fie-s * h pnn in orthopaedic surgeiy at this time are notable examples of the

wi-ion nd leadei -h p ol Sir Robert Jones. He felt very strongly’- that the problem of the

u oundod •^(Jthei - i-ivred not only^ in the immediate care of his injury’’, but in the complete

recon'^tuiction oi hi^ mind and body'- by*- re-education and rehabilitation. This led to the

development ot (‘ > lUments of phy^sical and occupational therapy’’, the latter principally

in the foi’m of Cui.iin e Workshops. These were created in all Bi-itish orthopaedic centcis-

The work accompfi'-hed by Sir Robert in this connection aroused so much admiration

that he At a^^ able tn enli^t the support of many'- dev^oted volunteers, among them the exilec

lying IManuel of Poi'tuaal, tvho tvas living in England at that time. In order to stimulate

wide general inteie^t in this curative tvork, Sir Robert established a magazine, appio-

priately named BrrdJcd to Life, Avhich tvas edited by Lord CharnAvood, Avell remembered

for his excellent biography’ of our OAvn Abraham Lincoln. Later the name Avas changed o

EeveiUe, and it Avas then edited by’’ the celebrated English nOA’elist, John Galsuodfi-

The various orthopaedic hospitals in Great Britain Avere in charge of leaders in t

field of general siirgeryp all under the directing guidance of Sir Robert Jones.

Aly'- second ymar of sei’A’ice in the Army’- Avas spent in several hospitals in Fiance,

the fii’st one, in Paris, the fractures AA’ere received directly’ from the front aftei

treatment and splinting had been carried out. Therefore, I Arms able to observe

patients from the very beginning, through their definitive care, and up to the time

were ready for evacuation. These observations left indelible memories. First, I sav

inadequacy of debridement of the Avounds by’- doctors who lacked an accurate knov

of anatomy. Then I saAv the failure to produce length and alignment in

tures, because of the use of complicated and altogether unmanageable
(o

was rampant among our Avar-Avounded in those day’s and aa’rs due

faulty’ and inadequate treatment of the wounds and the neglect of

of dependent and adequate drainage, as AA’ell as to defective immobilization.
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The blood i)i(‘tiiivs nro sonunvliiit disai)|)ointiiig. Tlic purpose of such ii l)ook. is to aid in identifying the

difTeiX'nt blood cells. This hook falls far short, of this jiurpose, because the nuclear details of the cells are

extremely poor and I'rroneous. The colors are so poor that (he important changes in the development of cells,

as exi)ressed by the intensity of the blue of the cytoplasm, cannot be followed.

Many of the pictures and much of the material have been reprinted from Diseases of the Blood by the

same author; however, in the rci)roduGtion, much of the definition has been lost, which makes the polor plates

of less value than those in the original book.

PvnENTKRAL. Au.MENT.VTION IN SunGUUV WITH SpKCIAE RnFEUENCE TO PROTEINS AND AmINO AciDS.

Robeit Elman, M.D. New York, Paul B. Hoeber, Inc., 1947. S4.50.

The author, a pioneer and distinguished authority on the subject of the intravenous injection of proteins,

has summarized the whole subject of parenteral alimentation in this fascinating monograph. He rightly

ranks this procedure with anaesthetic agents and aseptic surgicartcchnique in the advance of surgery. All

of the various nutritional substances—water, electrolytes, iii-otein, carbohydrates, fat, and vitamins—are

considered, but siiecial emphasis is placed upon protein administration, including whole blood, plasma, amino

acids, and hydrolyzed protein.

Careful attention has been given to the inclusion of established facts and the exclusion of theory. Thus,

the injection of potassium and magnesium solutions, still largely experimental, is barely mentioned. The

practical surgeon will appreciate this critical selection. He will also approve of the detail in which the author

presents his program. Thus, the question of saline versus water solutions and the relative value of the various

protein mixtures are criticall3
’' evaluated. A program for complete intravenous alimentation is presented,

together with proof of its cfiicacJ^ A good historical summary of each topic is given, and a complete bibliog-

raph}’ is included.

This book should be read by evorj’- practising surgeon. He will be surprised at the bodj^ of facts that the

author has accumulated, and gratified bj' the application of these new techniques.

Die aktive Bewegungstherapie. Ein Leitfaden zur Nachbehandlung von Knochen- und Gelenks-

VERLETZUNGEN. Dr. Rudolf Drobil. Wien, Wilhelm Maudrich, 1945. 83.00.

This book represents ten j’^ears of experience in after-treatment at the Surgical Clinic of the Universit}'

of Vienna, and also the author’s experience during the war years. The manuscript was finished in the summer
of 1942 and was finally published in December 1944. It consists of 284 pages, printed on very good paper in

simple binding.

The author divides his subject into a general part, describing the underljdng principles involved in active

e.xercise, and a second part, where these principles are applied to all the joints of the bodJ^ In his Introduction,

the author states that his book has two aims: to interest more people in becoming physiotherapists and to

help surgeons finish their job. He considers a surgeon’s work as not finished until function has been restored,

regardless of how well the injury has healed.

Active exercises are considered bj’’ Drobil to be far superior to passive motion, whether carried out bj'

man or bj’- machine. His phj^siological arguments are as follows: Any active motion is a very complex process.

It starts in the brain, which sends stimuli through relays to the motor nerves and finally to the muscles. How-
ever, sensorj^ nerves, stimulated by the mechanical irritation from moving parts, play a paramount role in the

performance of a well-coordinated motion, which requires a very intricate play between stabilizing muscles,

as well as between primary movers and antagonists. An impaired function means that these complicated
processes, which the author compares to a chain, are interrupted in one or more places. Repair work will fail

if all the members of this chain are not working properlJ^ Thus, for instance, no passive movement will teach

a patient to send stimuli from his brain through his motor nerves, unless he is encouraged to repeat the action

as often as necessarj"- until he succeeds. In other words, onlj'- active motion will restore proper function.

To avoid atrophj', it is necessary to start treatment earty. At the same time, this will prevent contraction
and adhesions. When normal function cannot be achieved for anatomical reasons, substitution should be
attempted. In cases of stretched and weakened ligaments, increased muscle power should be developed for

stabilization of the joint. A shortage of personnel often requires group treatment, which is of advantage,
because competition helps the patient to overcome or to disregard his pain. The treatment should be given,
however, with consideration for the indi^’idual case. Active exercise should be started after proper breathing
has been accomplished. Verj’- little equipment is necessarj' for this therapj',—a floor mat, a ladder, pullej's,

sandbags, and different weights.

The rest of the book—bj' far the larger part—is devoted to a detailed description of the bony, muscular,
and ligamentous parts of each joint, and their respective roles in anj’' disabilitj' in this region. According!}’’, the
exercises vary, but they always progress from a simple motion (assistance is given when necessary) to a more
difficult one, performed against resistance. At the end, the exercises are done quickly, requiring considerable
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Presidential Address of 1944, “it seems not improbable that various specialties mil
develop vithin orthopaedic surgery, as the3>- have in general surgery”; and, as Steindler

has said, general medical knowledge is so essential that we should be called orthopaedic

pliA'sicians, since the term orthopaedic surgeon has become inadequate. He adds also,

that that part of ph3^siology covering the mechanics of locomotion is still margin soil.

'With our growth, we must accept increased responsibihty. It is the dut3r of the older

men, with broad chnical experience in the care of fractures, to insist that fundamental

principles of treatment should be emplo3md with the application of the simplest ap-

paratus that is feasible. The routine use of complicated contrivances Avhich invohT

penetration of the bone vith multiple pins should be avoided. These should be reserved

for special cases, where experience has shown that they are absolutely necessary. Compli-

cations, some of them serious, are of frequent occurrence in their use, particularly in

the hands of the uninitiated. It is common knowledge that the majority of fractures

can be successfull3
’’ treated by the older and more conservative methods vdthout taking

unjustifiable lisk. As R3’-erson has so well put it in a recent article: “The best fracture

surgeon uses the fewest gadgets”.

The practice of surgery as a specialt3
'' in the general field of medicine began about the

time of the founding of the American Surgical Association in 1880. Coller, in his Presi-

dential Address before that Association in 1944, quoted the follovdng statement made

the founder, Samuel B. Gross, in the 3'’ear 1876; “It is safe to sa3'’ that there is not a medical

man on this continent who devotes himself exclusively to the practice of surgery and

that American medical men are general practitioners and cover the entire field of medicine,

surgery and obstetrics”.

This was the state of affairs at the close of the Nineteenth Centur3’’, and the practice

of the so-called general surgeon embraced what we know toda5
’’ as orthopaedic surger}'.

Howe\’er, during the first quarter of the Twentieth Century came what Platt describes as

“the abdominal revolution”. The general surgeon developed this field vdth striking success

and, with refinement of technique and diagnosis, he has performed surgical feats which

formerl3" rvould have seemed impossible. Furthermore, Arfith improvement in preoperative

and postoperative care, he has extended the field of operation on the gastro-intestinal tract

to the older age group and substandard risk patients, Ardth a resultant declining mortality

rate. With this emergence of abdominal surgery as a specialty, other special fields har'c

ensued, until at the present time there are tAAmlAm divisions in AAdiat AA'-as former^'- knoAvn

as general surgery. This deAmlopment has produced a Adolent reaction in the ranks of the

irreconcilables among the older surgical practitioners, notab^'’ BeA'-an, AA^ho expressed

himself in these AA'ords: “The scope of the field to be covered b3
'' the American Surgical

Association has neAmr, until comparatiAml3'- recentbq been a matter of question. Since the

founding of the Association in 1880, it has alAA'ays been the purpose of the organization

to coAmr the entire field of surger-}'-. What AA'ould become of general surgery if the hea ,

spine, and peripheral nerAms Avere lopped off b5'’ the neurosurgeons; if the specialists m

thoracic surgery took ormr the chest; if the urologist took OAmr the genito-urinary oigans,

proctolo^sts, the rectum and colon; orthopaedic surgeons, fractures and dislocations an

^

the extremities; and plastic and oral surgeons appropriated their oaati special field?

g3
'necologists and obstetricians haAm for a long time claimed the female genito-uiinji|^l

tract as exclusiAml3'’ their oaatt. This AA'ould IcaAm to general surgery nothing except ^

small part of the body betAA-een the diaphi-agm and the umbilicus; and noAV comes

claimant into the field, the tumor specialist or the cancer specialist. I have no hesi a

in denouncing this last as a A'-er3^ serious blunder. We might just as AA^ell deAmlop
g

in inflammation of all parts of the bod3’- as to train men as specialists in cancel inA o a

all parts of the bod:/.”
on mcreased

One point that aa'c must alAA'a3^s remember is that specialization has lea to a
'

^

amount of research; in fact, specialization man3
’- times implies special inA^estiga lo

THE JOURNAL OF BONE AND JOIN



CUinnCNT LITKHATURE 837

survi'.v ot till' vi'iious sysli'in and its circulation. The problems of dilTerenlial cliagno.sis are discussed, as well

as the various methods of localizing disorder.s of the veins. In a third section, the previous methods of treat-

ment, which were so often unsuccessful, are de.scrihed, in order to show the evolution of the methods now

being used.

This book should be of interest and value to those surgeons with a reading knowledge of Spanish.

Tin; lluvi), Xi;cK .\n’1) TuUNK. Miiscuus .vnd Motou Point.s. D.anicl P. Quiring, Ph.D. Philadelphia, Lea

and Febiger, 1917. S2.7.5.

This book portrays in diagrammatic form the muscles of the head, neck, and trunk, and is intended as a

comiianion volume to The E.rlrcmUics, jniblislied by Quiring and his co-workers in 1945. In most instances

the muscle and a brief statement of its origin, insertion, function, and the nerve and artery which supply it are

included in a single diagram, based upon original dis.seclions and upon references to Gray’s Anatomy and

Cunningham’s Text-Boot; of Anatomy.

Thus this book, like the iirevious volume, ijrovides a source of reference by which the anatomy of muscles

may be reviewed rajiidly and accurately.

The Ch.vllenge or Polio. The Cuu.sade Ag.mnst Intanttile Paralysis. Roland H. Berg. New York, The

Dial Press, 1946. S2.50.

The author has termed this book “the biographj’ of a disease”. It is really a report to the shareholders,

the people of this country, who have contributed millions of dollars—much of it in dimes—for the care of

those stricken with polio mj'clitis; and, more important still, for the study of the disease,—its etiology, its

method of attack, its prevention and cure. In terms for the layman, Mr. Berg makes this “report to the na-

tion”. He evaluates the results of research and states the understanding of the disease to this point.

Medicine in the Changing Order. Report of the New York Academy of Medicine Committee on

Medicine and the Changing Order. New York, The Commonwealth Fund, 1947. S2.00.

This book of 258 pages represents still another in the series of reports by the New York Academy of Medi-

cine Committee on Medicine and the Changing Order. It does not pretend to answer the vital question of

how more adequate medical care can be made available to more of the people; but it does attempt a survey of

the present health of the nation, and an analysis of the quality and quantity of available medical services.

In addition, it provides the reader with curient background by its discussion of such questions as medical

care in urban and rural areas, public health services, preventive medicine, hospital facilities, and so on.

As a logical development of the subject, it sums up the more important recommendations of the Com-
mittee with respect to methods for improvement of existing conditions.

When one considers that the United States, now at the very apex of its political and economic power,
lags behind other nations in providing adequate medical care to all, one quickly becomes aware of the urgency
ot the problem, and the necessity of choosing from among the many projected solutions, the one which
will bring most general satisfaction. It will be a difficult decision, for, in recent years, no other question has
been the cause of such heated debate among members of the medical profession.

Die Technik der Knochenbruchbbhandlung im Frieden und im Kriege. 5 bis 8 Auflage, Band III,

Die Marknagelung nach Kiintscher. Dr. Lorenz Bohler. Wien, Wilhelm Maudrich, 1944. $5.25.

With each revision of Dr. Bohler’s textbook on treatment of fractures, so much new material is added
that the volume becomes larger and larger. This present book (the third volume of the eleventh edition)

covers only one portion of the subjects treated in the previous volumes, but this portion is greatly expanded.
The larger part of the book is devoted to an exposition of medullary nailing of fractures, according to the

method of Kiintscher. The application of the method, with certain modifications, to the various long bones
is discussed in detail and fully illustrated.

In this revision, later results in some of the 500 cases cited in earlier editions are reported. These end
lesults, as well as nearly 100 more recent cases included in this new edition, have shown a series of une.xpected
late complications, such as an osteomyelitis which has become apparent as much as a year after the removal
of the medullary pin, and the development of pseudarthrosis after apparent bony union has taken place.

As the result of his broader experience, the author considers the closed medullary pinning the operation
of choice in simple fractures of the femur, in severel3' displaced simple transverse fractures of the tibia and
0 the humerus, and in exceptional cases of forearm-shaft fractures. He feels that open medullary nailing
s ould be used in fresh compound fractures of the femur, but is contra-indicated in fresh fractures of the
tibia and of the forearm.
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The information received shows conclusive^'- that the treatment of injuries, infections

and tumors of the bones and joints, which has been a matter of controvers}' between the

two services, has finall}'- become the province of the orthopaedic surgeon. The treatment

of amputations is rather evenly dhdded; but, because of the importance of preventing

deformitA' of the joints, a problem in all amputations, and of the need for the development

of prostheses both temporaiy and permanent, so vital to the patient’s best interest, I

would ^-enture to predict that all amputations will ultimatel}'" come under the supervision

of orthopaedic surgeons.

The responses to the questionnaires show that a majority of the schools have separate

divisions of neurosurgery, orthopaedic surgery, genito-uiinary surgery, obstetrics, and

gynecologj'-; but, in some cases, thej'- do not have special divisions of thoracic surgeiy,

plastic sui’geiy, vascular siu’gery, surgery of the hand, and proctology,—this is par-

ticularlj' true of the last two branches.

In about two-thirds of our medical schools, in addition to surgery of the abdomen

and neck and the teaching of the fundamentals of surgeiy, the general surgeon still does

some thoracic surgeiy, rectal surgeiy, common skin grafts, treatment of infections of the

hand, and of vascular conditions, including treatment of varicose veins and ligations for

thrombosis.

In 63 per cent., the orthopaedic surgeon teaches the fundamentals of surgeiy—such

as wound healing, sepsis, trauma, shock, and hemorrhage—^in relation to his own special

field. The number of hours given to the teaching of orthopaedic surgery is agreed upon

in a majority of the schools bj'- the professor of orthopaedic surgery and the professor of

surgeiy. In other schools, this decision is made b}'- a special faculty committee or a regular

ommittee on the curriculum. In about one-half of the schools, the teaching of ortho-

paedic surgerj^ is a postgraduate subject. In approximate!}’- 40 per cent., the head of the

department of orthopaedic surgeiy has some voice in the selection of interns; and in 48

per cent., he is consulted in the choice of assistant residents in surgeiy.

In answer to the question: “ Should The American Board of Orthopaedic Surgenj

decide to require an additional year of training in surgery as a requisite to formal training ir

orthopaedic surgery, do you believe that the department of surgery in your medical school u'dl

cooperate in the matter of providing assistant residencies in surgery?”—there were thirty-two

replies in the afiirmatiA-e and six in the negative.

To the question; “ Would men desiring to train in orthopaedic surgery have equal oppor-

tunity to secure residencies in surgery with men desiring to train in general surgery?

out of a total of forty-three schools, thirt3'--one replied in the affirmative and twelve m

the negative.

To the question: ” As a rule ivoidd preference be given to men desiring to train in genera

surgery?”—out of thirt3'-nine schools, eighteen replied in the affirmative and twent3'-one

in the negatiA'e. - •
,

I am inclined to belieA'e that some of these replies ma}'- be in the nature of pei&ona

impressions, rather than the result of reflection or careful inquiry.
_

Now that The American Board of Orthopaedic Surgeiy has announced officially

it wall require an additional 3’-ear of training in surgeiy, I consider it a mattei o

importance to determine immediatel}'^ Avhether the medical schools wall

proA'iding the necessaiy residencies for students in orthopaedics on an equal footing

postgraduate students in other branches of surgeiy. I think Ave should insist upon

After all, equalit}”- of opportunity is one of the cardinal principles of a demociac}

.

In repl}' to the question: “Do you have facilities for complete training in or

surgery, including fractures, children’s orthopaedic 'surgery, and fundamental science

^ ^

fort3'--one indicated that the}' had all the necessaiy facilities and ten AACie ac
111

some particulars.

The question, “Do your facilities for training in orthopaedic surgery include emergenU
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Beginning in January 1948, the scope of The Journal of Bone and Joint Stirgery will

be extended. Surgeons throughout the English-reading world will be able to keep in

closer contact with each other’s work in orthopaedic surgery through a single, jointly

edited and administered journal. They will find recorded on the pages of their Journal,

the progress and trends in orthopaedics, not onl3'-.in their own, but in other countries.

Techniques, fundamental clinical studies, and advance in the basic sciences will be
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representative Boards, these needs maj^ be met. Collaboration in the broader aspects of
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British Editorial offices of The Journal.

V'iLLi.4.ij A. Rogers, Editor
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in surgeiy is ahvaj^s to be found in the ranks of the soi-disant general surgeons. In tlie

past this maj'- have been true, but in these days the belief that the general surgeon possesses

the automatic and inalienable right to acquire the chair of surgery is out of date. As Platt

points out, he is now onlj'- one among manj'- in his capacity to contribute to techniques

and fundamental knowledge.

In discussing the surgical picture vdth Dr. John Saunders, Professor of Anatom}’ in

the University of California Medical School, whose contributions are known to all of you

and who has been an invaluable aid to me in the development of the teaching of ortho-

paedic surgery, he made the follomng excellent analysis of the situation: “If we believe

that the so-called general surgeon is in reality a specialist in abdominal surgery, then his

acti^uties must be grouped vdth those of other specialties. This leaves behind an area of

common interest,—an area which comprises the fundamental principles of surgeiy and

its basic elements. All surgeons possess a common interest in this field, to which they all

contribute and where they may serve as a mental stimulus to one another. Furthermore,

it is here that the important liaisons with the basic sciences should be established. There-

fore the term ‘general surgery’ still possesses utility, but only when applied to a field

which is general to all surgeons.”

My first recommendation for future development would be that orthopaedic surgery

should secure full recognition in our medical schools as a major department of surgery, with

its own budget, the right to select members of its staff, control promotions, and be re-

sponsible only to the dean and to the executive faculty. This is, however, a general state-

ment, as existing conditions in each school should determine the course of action. Every

division of orthopaedic surgery must stand on its ovm merits, but my own observation

and many discussions with leaders in various branches of surgeiy, together w'ith a study

of the responses to the questionnaires which I have cited, lead me to believe that the

departments of orthopaedic surgery in most of our medical schools deserve the status

of major departments.

Granted we are given our place in the sun, what should be our future course of action?

I believe that we should do everything possible to promote integration in our department

of surgeiy. Integration with the authority of a major division in surgeiy is quite a different

matter from w'orking under the handicap of the status of a subdepartment with little or

no final authorit5^ And with the powder of autonomy, w’’e must integrate the teaching o

surgery from the broadest possible angle, in order to enable the undergraduate to secuie

a correct perspective. I believe that w’e should assume an active role in the teaching o

general principles of surgery as a w^hole, as w’ell as their application to our particular e •

As Carl Badgley, my former associate at the University of Michigan, so well expiesse

it
—“Our aim should be first to train doctors, second to train surgeons, and then

orthopaedic surgeons”. This ivould give us an opportunity to disabuse the ram s o

students of prevailing misconceptions as to the limited scope of orthopaedics. We s lou

no longer be the stepchild in surgery. In the teaching of postgraduates and foi t le

hancement of our own know’ledge and breadth of outlook, Ave need intimate contact wa

men in other branches of surgery. Specialists in the same surgical field are not for ong

best company for each other. The stimulating effect of close association Avitli

other surgical diAusions is indispensable to our future deAmlopment. In our

schools, surgical rounds should be, in a certain sense, a kind 'of forum Avheie ®

intern, resident, and Ausiting staff could see surgery in its true perspective an

the contribution of each branch. These forums Avould be inAmluable in sohdng om

problems, particularly in fields of surgery which overlap. For example, consider le

benefits wdiich Avould result from a combined study by the neurosurgeon an

paedic surgeon of eAmry phase of treatment in cases of suspected lesions o^

vertebral disc. And w’hat good results Avould ensue from a combined study
arising

surgeon genito-urinary surgeon, and the orthopaedic surgeon of paralytic esi

,.,v or
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its huniblo boginnings up to its present highly developed skill. One of the great masters

of surgery, Sir Robert Jones, has defined orthopaedics in the following terms: “The treat-

ment by manijRilation, operation, re-education, and rehabilitation of the injuries and

diseases of the locomotor system’’. This comprehensive definition of the scope of ortho-

paedics is a far cry from the modest efforts of the early bone-setters, and it serves to

emphasize the infinite possibilities of modern orthopaedic surgery.

Although the Frenchman, Andr6, as early as 1741, defined the term “ orthopaedia” as

the art of preventing and correcting deformities in children, orthopaedics was not

taught as a specialt.y until 1887, and its modern development can be traced to the founda-

tion of The American Orthopaedic Association. For the first fifteen years of its existence

as a special field, our activities were confined largel}’’ to the use of mechanical appliances,

and our contemporaries in other medical branches referred to us as “the buckle-and-strap

men”. Willard, in his Presidential Address of 1935 before this Association, speaks of this

period of the treatment of deformity bj'’ mechanical means. He further states that, in the

Annual Meeting of 1893, onlj-- one paper out of thirty-one dealt ndth surgical procedures,

and even such subjects as “A New Method of Curing Soft Corns” and “The Mechanical

Treatment of Ingrown Toenails” were discussed by eminent men.

Previous to 1900, the onlj'^ major surgery advocated rvas destructive in character,

excision of the hip for tuberculosis being frequently mentioned. With the turn of the

century, however, more constructive tj'-pes of operation were developed, and operative

correction of deformity arising from a variety of conditions became more general. Brackett,

in 1905, pointed to the enlarged scope of orthopaedic surgery, which had then come to

include the treatment of adults as well as of children. These advances in orthopaedic

surgery have kept pace vdth modern surgical advances in other branches. In 1911, Albee

introduced the use of the bone graft in the treatment of tuberculosis of the spine, and
during the next few years extended its application to include ununited and malunited

fractures. During this same period, Gallic and Phemister did their pioneer experimental

work -with bone grafts, which added to our fundamental knowledge of how results were
obtained. Gallic demonstrated his work at the Massachusetts General Hospital in Boston
in 1915, when Smith-Petersen and I were serving as house officers on the Orthopaedic

Service. Our chief was Dr. Elliott Brackett, a splendid surgeon, while the assistant chief

was Dr. Robert Osgood, a great teacher and inspiring leader. Among many operations

performed bj'^ them were fusions of the spine and of the joints in tuberculous conditions,

the application of bone grafts in ununited fractures, arthrodesis of the hip for arthritis,

tendon transplantations, and a variety of operations for infantile and spastic paralysis.

The effect of faulty posture in the production of back strain, particularly of the lumbo-
sacral and sacro-iliac joints, was demonstrated by Goldthwait. Various deformities result-

ing from arthritis were corrected in the orthopaedic wards. But fresh fractures were
considered as solely within the province of the general surgeon, who exercised every precau-
tion to prevent the orthopaedic surgeon from taking part in their treatment, unless com-
plications arose,—such as malunion or non-union. I well remember the critical attitude

assumed by one of the senior members of the general surgical staff, because a fracture of

the neck of the femur had been treated on the Orthopaedic Service, when he felt that a
state of non-union had not yet developed. It was on this case and several others follovdng
that Brackett developed the now rvell-known “Brackett operation” for non-union in

fractures of the neck of the femur. About this time, m}’’ valued friend, Smith-Petersen,
because of his dissatisfaction with the methods of exposure then employed, developed his

approaches to the hip and the sacro-iliac joint. These were the first of many original

contributions made bj’' him.
During Woi-ld 'War I, great strides were made in orthopaedic surgeiy. It was m}'’ good

fortune to witness these at close range, ha\dng been sent to Great Britain as one of the
fiist twenty orthopaedic surgeons who served under the Military Director of Orthopaedic
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ARTHRODESIS OF THE ELBOW

A Preliminary Report of a New Operation*

BY MOSES GELLMAN, M.D., BALTIMORE, MARYLAND

From the Kernan Hospital for Crippled Children, Baltimore

Although it is generally agreed that the indications for arthrodesis of the elbow aie

few, a rather imposing number of procedures for the purpose of fusing this joint have been

described i.3.6,7,8,9.io,u

The object of this paper is not to discuss the merits of arthrodesis, as compared vidi

excision of the elbow, but to propose an additional method of fusion, which ma}" c

useful in certain cases, especially in tuberculosis, where the orthopaedic surgeon feels t la

the circumstances justify the employment of this form of treatment.

The procedure is not too formidable. It brings relatively uninvolved bone sur acea

into intimate contact. The graft is easily and firmly anchored. Bone from othei souices^^

not needed, and material for bone pegs or chips is readily available. The radio um
^

joint is not disturbed, Avhich allows for the possible retention of rotation of the

The elbow joint maj'- be placed at any desired angle without additional operative mo

cation.

DESCRIPTION OF THE OPERATION

An incision is made on the inner aspect of the elbow from five
j^^rvc

to five centimeters below the tip of the medial epicondyle of the humerus. The u na^

is isolated and is freed sufficient!}'’ to permit careful retraction from the opera i

^
^

'^Presented before the Orthopaedic Section ofthe Baltimore City Medical Society, Baltimo ,

April 2S,1M7.
».,s-r rr.orr.7

THE JOURNAL OF BONE



I’UKSIDENT S ADDRESS 843

Lilt PI- in tlip War at Savenay, a collccfing base for evacuation to this country, the

same conditions i)rovailod, but on a larger scale. Compounded fractures Avere treated

inadequately, and the fundamental jn'inciples that \vc had used in England were not

generally applied. However, under the dynamic leadership of Colonel Goldthwait, the

necessary changes were rapidly made. IMen with fractures were placed on the Orthopaedic

Service, where the treatment consisted in the application of adequate splinting and im-

mobilization, the institution of proper dependent drainage, and the meticulous care of

the wound. They were cared for in special Avards, depending on the anatomical location

of the injury. Patients Avith amputation stumps Avere also segregated, and nearW all of

these amputations avcto of the guillotine type. The.y AA^ere treated b}'- splinting and traction

to prevent deformity of the adjacent joints, and in order to gradually pull the skin OAmr

the end of the stump. Early ambulation AA’ith temporaiy prosthesis aa'us also used effec-

tively. I Avas greatlj’’ impressed by the amazing results accomplished through the uniA^ersal

application of these simple fundamental principles of orthopaedic surgeiy.

jMa’^ third jmar of experience and obserA'ation abroad Avas not spent in Arm}^ hospitals,

as I returned to Edinburgh for further training in general surger}'- under m3'' former chief.

Sir Harold Stiles. For the first six months, m3'' assignment Avas that of Resident-Surgeon

at Chalmers Hospital and assistant to Sir Harold in his private practice. During the

latter part of 013'' sta3’' I AA-as Resident-Surgeon in the Ro3’'al Infirmaiy under Sir Harold,

AA'ho had then been appointed Regius Professor of Clinical Surgery, a post formerl3'' held

b3’' such illustrious men as S3'me, Annandale, and Lister. In the Ro3''al Infirmaiy, our wards

Avere filled AAith all t3’'pes of cases and general surgery Avas actually general, because special-

ization AA'as practicall3^ non-existent. Our operations included the fields of neurosurgery,

chest surgeiy, genito-urinar3'' surgeiy, orthopaedic surgeiy, and surgery of the abdomen
and neck. Sir Harold foresaAv the ineA'-itable necessit3’' for specialization, because of the

rapid developments in surgeiy, and he insisted on the need for placing the treatment of

fractures on a different basis. Our AA-ards AA'ere the first to possess adequate equipment,

including splints, OA^erhead frames, and fracture tables, for modern orthopaedic treatment.

The use of plaster-of-Paris and the technique of its application AA'ere introduced in these

Avards, and I often smile AA'hen I recall the reproachful remarks of Mr. Alexander, the

keeper of supplies, AA'hen he accused me of using more plaster-of-Paris in six months than
had been used in the Ro3'al Infirmaiy during the preA'ious thirt3' 3'ears. This period AA'as

realb' the beginning of the eA'olution of modern orthopaedic surger3' in the Ro3'al Infirmaiy
of Edinburgh. Sir Harold Stiles immediate^ perceiA'ed the significance of this trend in

surgeiy; and, upon his insistence, a lectureship in orthopaedics AA'as established in the
UniA'ersity of Edinburgh Medical School.

FolloAA'ing World War I, a number of 3'ounger general surgeons AA'ho had done some
orthopaedic Avork in Europe during the War decided to specialize in orthopaedics and
deA'oted considerable time to further training AA'hen the3' returned to this countr3''. These
men haA'e made fine contributions, both in the laboratoiy and in clinics. With the increase
in the scope of orthopaedic surgery, man3' able men haA'e been attracted to it. In 1933

,

The American Academ3' of Orthopaedic Surgeons Avas established to provide a forum
AA’here the3' could discuss their common problems and maintain first-hand contact AA'ith

the dcA'elopments that AA'ere being made. The Academy has done much to promote the
adA'ance of orthopaedic surgeiy b3' its scientific programs, instructional courses, and
technical and scientific exhibits.

In addition. The American Board of Orthopaedic Surgeiy AA'as created in 1934 for
the purpose of elcA'ating the standards of orthopaedic training and the qualifications for
piactice. ith the adA'ent of World War II, the orthopaedic surgeon came into his OAA'n
in the care of injuries and infections of the bones and joints. IMoreovcr, the treatment of
amputations AA-as assigned to him in specialh' organized amputation centers.

At the present time, our field has become so extensive th.nf. .as st.atpd ruil in liic
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is changed, the protruding wires, if used, are removed. The cast is renewed at suitable

intervals, until fusion of the elbow joint is demonstrated clinically and by roentgenogram.

CASE REPOET

W. S., a thirteen-year-old colored boy, was admitted to the KemanHospitalon March22, 1946, complain-

ing of a swollen and painful right elbow, following injuries sustained in December 1945 and Februarj' 1946.

The family history revealed that the patient’s father had tuberculosis. The joint fluid was aspirated on several

occasions. Smear, culture, and guinea-pig inoculation of the joint fluid were negative, hut sinuses developed

at the sites of the aspirations and remained open. The patch test was strongly positive for tuberculosis. In

spite of immobilization by casts, the elbow remained swollen and thickened; the sinuses continued to dis-

charge purulent material; and the roentgenograms demonstrated a progressive deterioration of the joint.

Although as yet there were no laboratory evidences of tuberculosis, the entire clinical picture led to this

diagnosis.

Accordingly, the described operation, which had been conceived several years before, was performed on

May 17, 1946. When the first cast was removed on August 2, 1946, approximately twelve weeks from the date

of operation, the elbow had fused. The wires were removed on September 13, 1946. During this procedure,

the graft was found to be firmly united to the humerus and the ulna. Granulation tissue, curretted from the

sinuses, was reported by the pathologist as tuberculous. The elbow has thus far remained solid, many months

after removal of all support; this fusion is confirmed by the roentgenograms. An ulnar palsy, which followed

the operation, has gradually cleared, but several sinuses are still draining.

Note : Since this paper was written, a similar condition seems to have developed in the opposite elbow.

The biopsy report of sections from the glands of each axilla was “tuberculous adenitis”.
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wo all aeknowlcrlKo our imlcbtcdncss to research in its advancement of medical knowledge.

But in the words of Daniel l'''iske Jones, “specialization has robbed the general surgical

service to such an extent that it really does not exist”.

Nevertheless, some of the leaders in surgery today recognize and approve the evolu-

tionary trend as, for examjde, Coller in the following statement: “True specialization is

a striving for perfection and we owe a great debt to those who have by their efforts in

limited fields so greatly enhanced our knowledge as a whole”.

Wangensteen, too, in an artiele entitled, “The Surgeon and His Trust”, sets forth

some pertinent facts of great interest. He states: “There are still a few surgeons who affect

to believe that they can take all of surgery for their province. They know as well as any

one that their performance in such a wide category of operative procedures is substandard

in some of these areas when judged in the critical light of what constitutes good practice.

In our time we have seen the province of the general surgeon shrink so much that occa-

sionallj’^ we wonder what areas of surgery arc embraced in the designation general surgery.

Yet this is as it should be. If a teacher of surgery were so ardent a student in his art

that he wished to encompass the entire field, an aspiration more ambitious than praise-

worthy, he would remain all of his da3’^s a learner and would thereby lose the important

opportunitj’’ to give directional growth to a small sphere of surgery. Teachers of surgery

must prove themselves in the next generation as well as in this. The teacher who leaves no

intellectual progenj'- has not been fully alive to his I'esponsibilities nor wholly faithful to

his trust.” Wangensteen concludes: “Let us be thankful that the day of the all-around

surgical specialist is done ! Surgery is not advanced b}'- that type of activitj’-, and no matter

how talented the surgeon, he cannot do equallj’’ as good work in all these provinces.

“The background of training of the surgeon should be broad. But having acquired

orientation and competence, a surgeon must of necessity, if he aspires to rise above me-
diocrit.y, gir^ selecti'r’e direction to his activit}'- instead of trying to grow in all directions

simultaneous^’’
.

’ ’

For the purpose of securing data concerning the present status of orthopaedic surgery
in our medical schools, I sent questionnaires to the heads of the orthopaedic departments.

They all responded promptly, and I made an analysis of the information secured from
fifty-three schools. Of these, seventeen have major departments of orthopaedic surgery,

—

that is, departments which have a certain measure of control over the amount and dis-

tribution of the budgets, appointments and promotions on their staffs, and representation
on the executive advisorj^ committees of the deans of their respective schools. Thirty-six
are subdepartments in surgery, but of these, eleven have appointments on the deans’

committees; that is, in approximately one-thii'd of our medical schools the orthopaedic
divisions have autonomy. Some of these major divisions, however, apparently are in-

adequatelj’ financed. In 70 per cent, of the schools, fractures, osteomyelitis, joint infec-

tions, and bone tumors are treated exclusively on the orthopaedic service. In the remaining
schools, the treatment of these conditions is divided between orthopaedic surger3>' and
general surger3’’, while in a very small percentage they are treated solely on the surgical
service. In 20 per cent., amputations ai’e cared for exclusively on the orthopaedic service;
m 8 per cent., the3

’’ are treated on the surgical service; and in 72 per cent., the treatment
IS divided between the two services. Acute surger3’- of tendons is performed on the ortho-
paedic sermce in 23 per cent, of the schools, on the surgical service in 34 per cent.; and in

43 per cent, it is divided between the two. Treatment of infections of the hand is assigned
to the orthopaedic service in 16 per cent., to the surgical service in 22 per cent., and to both
seivices in 62 per cent. Teaching of the subjects of fractures, osteom3’elitis, joint infec-
tions, bone tumors, amputations, and surgery of the tendons and of the hand is divided
etween the two divisions of surgeiy in about the same proportion as the treatment of

t iese conditions, with a slight margin indicated in the interest shown in these studies 1)3
’’

the division of surgeiy.
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The animals received roentgen irradiation* ^ through a 4-b3''-5-centimeter portal o\-cr

the left foreleg at the radiocarpal joint, and over the right hind leg at the tibiofemoial

joint. There was one exception to this plan of treatment. The left elbow of Dog No. 1 was

treated instead of the left wrist. The portal covered the joint, the epiphj’^ses, and the adja-

cent metaph,vses. Dosages were given at a single sitting in equal amounts to one foreleg

and one hind leg of each animal. One-half the dose was given through an anteroposteiior

portal and the other half through a postero-anterior portal. The dogs were divided into

three groups (A, B, and C) of four each (two from each litter). Group A received 800 r;

Group B. 1,000 r; and Group C, 1,200 r. The animals were sacrificed at internals vaiving

between four and twenG'-four months, as shown in Table I.

Fig. 1-A Fig. 1-B

Fig. 1-A: Photograph of Dog No. 9, sho\inng shortening of treated left fore limb.
. , q,,

Fig. 1-B: Photograph of Dog No. 3, shoeing shortening and bowing of treated left foie limb, lliisan

mal showed the gieatest deformity of anj’' of the dogs.

Seven weeks after treatment had been given, small metallic markers were inseitei

into the diapht^sis of each tibia and radius, at approximate!}'" the mid-shaft. This mate

it possible to determine b}'" roentgenograph}'^ the proportion of growth contributed l).i i

distal and bt" the pro.ximal epiphj^ses of these bones.

Teleoroentgenograms were made at the outset of the e.xperiment and were
_

at intervals of appro.ximatel}’" six weeks through the fortieth week, when the epip

were found to be fused and growth was essentialh'^ at a standstill. Thereaftei,

grams were made at various intervals, the final one just prior to sacrifice of each

At the time of sacrifice, gross examination of both the treated and untreated

was carried out. Particular attention was directed to the tissues subjected to

and to their counterparts. Sections of skin, muscle, and other soft tissues, and o

j^ses, epiplwses, and articular sui’faces of the lower portion of the radius, ulna, anc

of the upper portion of the tibia, and of the patella and the carpal bones veie ta 'Ci

both sides for microscopic examination.
. dccalci-

All tissues were fixed in 10 per cent, formalin. The bones, after fixation,

fied in a 5 per cent, aqueous solution of nitidc acid. Sections were cut m co

stained with hemato.x^din and eosin.
^ yiovoU i>^-'

* The source of irradiation was a roentgen-raj’^ machine nitli the following
j i.o

niUiamperes, 50 centimeters target-skin distance, filtration of 0^5 millimeter ot e
pp^^ niin“‘

of aluminum. The half-value la3"er was 1.0 millimeter of copper. The rate ot dem e i
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surgcrji, enabling your residents to treat emergency cases in their own field and also to observe

einergeneies in other fields of surgery, sueh as head injuries, acide abdomens, etc.?”—brought

forty-six affirmative replies and four negatiA'-es. The necessity for this experience is an

integral part of the broad general training which I consider has not been sufficiently

emphasized.

To the question: ”In the history of your school has the professor of surgery been selected

from any field other than general surgery?”—fort3’’-one answers were in the negative and

ten in the affirmative. Of these ten, there were six neurosurgeons, two thoracic surgeons,

and one whose chief interest was vascular surgeiy. There was none among the number

who bore the title of orthopaedic surgeon.

To the question: “If you could participate on an equal basis with men in other special

fields of surgery, including the so-called general surgery, in decisions as to teaching programs,

distribution of funds for the budget and the general management of the surgical department,

iimild you, in your opinion, serve the best interests of the patient as well as the student, and

promote the advancement of orthopaedic surgery as the head of a subdepartment of surgery or

the head of a completely independent department of orthopaedic surgery?”—seventeen out of

forty-nine stated that thej'’ would prefer to be heads of subdepartments and thirty-two

preferred major status. In other words, the proportion is two to one in favor of making

orthopaedic surgeiy a major division, on an equal footing vdth other' divisions of surgery.

In this paper, I have endeavored to describe the progress of orthopaedic surgery from
its embrjmnic stage in the latter part of the Nineteenth Century up to its present ma-
turity. Today, we are fulfilling the destiny predicted in the definition of orthopaedics by
that great leader, Sir Robert Jones. We are both physicians and surgeons Avhose ultimate

purpose is to restore, bj’’ manipulation, operation, re-education, and rehabilitation maxi-
mum function of parts affected by injuries and diseases of the locomotor system. Ortho-

paedic surgery of todaj’’ covers the field of general surgery of yesterday. The so-called

general surgery is a remnant from the past, because, as we all know, in the course of the

development of surgeiy as a whole, manj’' branches have split from the parent stem.

These changes in surgeiy parallel changes in other fields of endeavor and are a part of

the natural process of evolution and the mutations of progress. Of these special branches
which have been developed, orthopaedics represents the largest single abstraction from
the general field of surgeiy. The breadth of its scope and the broad field that it covers in

the anatom}^ of the human bodj^ entitle it to an equal place in surgical teaching with any
other diAusion of surgeiy. Yet, the departments of orthopaedic surgery in the majority of
our medical schools are still classified as subdepartments, and thej'' have not acquired
the autonomj'^ to AA'hich thej’’ are entitled.

In our modern medical schools, the expression “general surgeiy” is used to designate
the group of surgeons AA’ho, in the past, Avere general surgeons, but Avho noAV confine their
major acthities to surgeiy of the abdomen and neck. The term “general surgeon” is a
misnomer; and at the present time it Avould be an anachronism for any surgeon to claim
to coA'er the entire field of surgeiy. The continued use of the term is harmful in a number
of Avays in the development of surgery in our medical schools. It conveys to the mind of
the student the idea that he is being taught the science of surgeiy as applied to the entire
bodjq which is entirelj'^ erroneous. Because of the undue emphasis Avhich is placed on
abdominal surgeiy, the student ineAutablj’’ gets a false perspective. One of the harmful
lesults of this sj'stem is that the undergraduate regards orthopaedic surgeiy as relatiA^elj’’

unimpoitant and a subject to be considered for postgraduate AA’ork. The magic Avords
cCneial suigeiy undoubted^'’ influence the future of manj^ undergraduate students,

paiticulaily those Avho AAOsh to excel. This preAmots orthopaedic surgeiy from getting a
just proportion of the high-class men aa’Iio are material for future leaders and teachers.
iloreoA-cr, the title “general surgeon” conveys to the minds of the deans and members
o 10 executive faculties of our medical schools the impression that all-round ability
A'OI.; 29. NO: 4. OCTOBEn 1947
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from injuries to the spinal cord! As my friend, Fred Collcr, says: “AVhat we should strive

for is not to make everyone a general surgeon, hut to make all who practice in any surgical

field ‘Generals in Surgery’”, and Harry Platt, in the London Lancet, admirably sums up

the goal we arc seeking in these words: “If we aim at the highest standards for the future,

we shall ensure that the orthopaedic surgeon will be among the best educated of the corps

of consultants and specialists. It is the dutj’^ and responsibility of those entrusted with the

training of the orthopaedic surgeon of the future to ensure that we recruit and educate as

high a proportion of scholars and teachers as any other of the major specialisms in medi-

cine and surgery. For in the world of medical science, as in society, we shall be ultimately

judged by the quality of our contributions to the advancement of knowledge.”

I would like to see the department of surgery in our medical schools organized in such

a waj" that the professor of surgery would serve as executive head, with a responsible

group of “cabinet officers”, consisting of the chiefs of the major divisions in surgery. This

group all would contribute to the teaching of fundamentals in the undergraduate schools,

so that the students could obtain a true perspective on surgeiy as a whole. With methods

of teaching agreed upon and duplication avoided, it would allow the student more time

for practical observation. In addition, the undergraduate should be encouraged to take

advantage of broad basic training in surgeiy before specializing in anj"- particular field.

Such a department of surgery would inevitably create an enthusiastic esprit de corps, and
fine teamwork would be the natural outcome. It would be like a well organized football

squad, vith no individual stars or prima donnas to unbalance the combined effort of the

entire team. This might ultimately develop into a working group similar to the highly

successful club which Gallic has promoted in the University of Toronto. The selection of

the professor of surgery should not be restricted to any particular field of surgery, but
rather the appointment should be made on the basis of scholastic attainments, breadth
of background, and demonstrated abilitj’’ to get along vdth others. In addition, the head
of the department of surgerj'- should possess an unbiased attitude towards the develop-

ment of all branches of surgerj’’ and a discriminating mind which would enable him to

recognize exceptional abilitj’’ in the younger men who are to be the leaders of the future;

and, above all, he should have the skill to bridge the gap which too frequently exists

between the abstract teaching of basic sciences and their clinical application in wards
and laboratories.

These are the high ideals which we should strive to attain. We may not always
succeed, but in the Avords of Robert Browning:

“.
. . a Man’s reach should exceed his grasp.

Or what’s a Heaven for?”
Before concluding this paper, I wish to express my deep appreciation to the members

of this Association for the great honor thej'^ conferred upon me in naming me their Presi-
dent. It is a distinction Avhich I value highly; and, if, during my term of office, I have
contributed in some small measure to the recognition of the well-earned right of ortho-
paedic surgery to enjoy the status of a major department in our medical schools, I shall
not haA’e worked in vain.

!Note. I wish to express my appreciation to Mr. and Mrs. Sidney Ehrman for the sincere interest they

M
^ ^ development of the Department of Orthopaedic Surgery in the University of California

e ica
^

chool, and to Mrs. Margot Egan, who has been so generous with her time and knowledge in the
preparation, of this address.
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Fig. 1

All of the soft tissues (muscle attachments, periosteum, and capsule) are stripped from

the anterior, medial, and posterior surfaces of the medial third of the lower portion of the

humerus and from the medial and anterior surfaces of the upper end of the ulna. When this

has been accomplished, the medial third of the anterior portion of the exposed humerus,

as well as its medial margin, is roughened the removal of a thin layer of cortical bone

(Fig. 1,A).

Beginning at the top of the medial supracondylar ridge, appro.ximatelj'' the medial

third of the lower portion of the humerus is separated with an osteotome, flush with the

humeral shaft, and parallel to its long axis (Fig. 1,A). When this piece has been freed,

a -wire. A'-, is passed transversely through the epicondyle and into the humerus to control

this loosened mass of bone which will constitute the graft. This graft is then rotated down-
ward until it lies upon the surface of the ulna; an outline of the graft is scratched on the

surface of this bone, A~. The triangular wedge outlined, is now removed from the an-

terior cortex of the ulna, and the humeral graft is again rotated downward and fitted

snugly into the ulnar trough (Fig. 1,B and C).

After the most satisfactoiy angle for the elbow has been decided upon, two additional

wires (or screws, or autogenous bone pegs made from the previousl5'^ removed ulnar wedge)
are inserted through the ulna and the transplanted bone to stabilize the graft (Fig. 1,(7).

The wire through the humerus may be removed and replaced b}^ a screw or a bone peg. If

it seems advisable, what remains of the triangular ulnar wedge ma}’’ be converted into bone
chips and packed into an3' crevice that appears to need them. If the ulnar nerve is under
anj’- tension, it is transposed anteriorlj’’.

The soft tissues are allowed to fall back into position and are sutured securel}^ laj^er
By laj'ev. A plaster shoulder spica is applied, and is worn for eight weeks. When this cast
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GROWTH OF TIBIAL EPIPHYSES (CM)

compared mth the untreated ones. The diameters of the shafts of the bones ^'ere

minished appro.ximately 10 per cent. .

Roentgenographic evidence in the twelve dogs, including those which ha ac iw
^ ^

of their extremities for the full two years, showed no bone or joint deformity ot er

mild bowing which occurred in eight of the treated fore limbs. The joint sui

smooth, and the joint spaces were preserved. There were no detectable arthri ic ®

In three animals (two in Group A and one in Group B), roentgenogiap c

of temporary bone resorption in the metaphysis of the. treated ulna was oun

This reached its maximum between twelve and eighteen weeks. Healing i

showed

tion occurred spontaneously (Fig. 2-C). One dog in Group B and one in
j.g^ but

a minor osteolytic focus in the region of the tibial tuberosity at about erg ee

this had healed in twenty-four weeks.
iinwing points:

In summary, the roentgenographic studies have brought out tire o
j-oentgen

1. Marked retardation of longitudinal growth was produced by
to the

rays ranging from 800 r to 1,200 r, and the retardation was roughly propo

x-ray dosages. „„rrpd in treated

2. Minor localized osteolytic or resorptive phenomena which occu

were transient, and healed completely.
^ _ dinwed considerabl'

3 The radius and ulna, treated over their distal epiphyses,
^



THE EFFECT OF ROENTGEN IRRADIATION ON EPIPHYSEAL GROWTH* t

11. Experimental Studies upon the Dog

BY JOHN A. REIDY, M.D., .TAMES R. LINGLEY, M.D.. EDWARD A. GALL, M.D., AND JOSEPH S.

BARR, M.D., BOSTON, MASSACHUSETTS

From the Departments of Orthopaedic Surgcri/, Roentgenology, and Pathology and

Baetcriology, Massachusetts General Hospital, Boston

Studies previously completed on the 3'’oung rat showed that it was possible to

impede growth in the long bones b.y exposing the epiph5’-seal cartilages to roentgen-ray

irradiation. These investigations demonstrated clearlj'^ that, with dosages of between 665 r

and 1,165 r (roentgen units), the epiplu’^seal cartilage was affected profoundly. The ad-

jacent tissues—such as s.ynovial membrane, articular cartilage, cortical bone, bone mar-

row, and skin—evinced morphological changes of minor import.

To verifj’’ the results of the rat experiments and to expand the scope of the animal

investigations, it seemed advisable to do a similar study on dogs. These experiments have

been undertaken because of their possible therapeutic application to man.

TABLE I

Synopsis of the Experiment

Group
Amount of

Irradiation

No. of

Dog
Joints Treated

Period after

Irradiation before

Animal Was Sacrificed

(Months)

A 800 r 5 Right knee and left wrist 7

6 Right knee and left wrist 18

11 Right knee and left wrist 24

12 Right knee and left wrist 12

B 1,000 r 3 Right knee and left wrist 18

4 Right knee and left wrist 12

9 Right knee and left wrist 18

10 Right knee and left wrist 7

C 1,200 r 1 Right knee and left elbow 12

2 Right knee and left wist 24

7 Right knee and left wrist 24

8 Right knee and left wrist 4

MATERIALS AND METHODS

Twelve puppies of both sexes were secured,—six from each of two litters of collie

mongrels. Thej’^ were approximately six weeks old at the time the roentgen treatment
was given. Thej'^ were maintained upon a nutritious diet, supplemented bj’’ cod-liver oil

during the first six months. All were immunized against distemper. The animals were
quartered in a large jmrd, with ample room for exercise. Thej"" were not restricted in an^y
unusual manner during the course of the studYL

January^29 1947
*^ Annual Meeting of The American Acaderaj-- of Orthopaedic Surgeons, Chicago, Illinois,

t Aided by a grant from The National Foundation for Infantile Paralysis, Inc., New York, N. Y.
Y'ol. J9, no. 4 . ocTonnn 1047
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TABLIC 11

'roTAi. Guowth of 'Piuia and Percentage of

Retaudation Caused da- TuEATstENT

.\mount of

Irradiation

No. of

Hop;

Length of Tibi.a

Retardation

[Per Cent)Gronj)
Untreated

(Ccntimclcrs)

' Treated

(Cenlimelcrs)

Difference

[Cenlimelcrs)

A 800 r 9.0 1.8 17

6 11.2 9.5 1.7 15

11 9 4 8.5 0,9 10

12 6.0 5.3 1.3 20

B 1,000 r 3
,

10.4 8.4 2.0 19

j 4 12.2 10.3 1.9 16

9 10.5 8.3 2.2 21

10 9.9 7.8 2.1 21

C 1,200 r 1 10.8 8.6 2.2 21

2 10.2 7.4 2.8 28

7 9.2 7.2
i

22

8 7.8 5.9
i

i

1.9 24

OBSERVATIONS

During the experiment the dogs were frolicsome, ate well, and suffered no illnesses

of significance. At the conclusion of the study, they seemed entirely normal except for

unilateral shortening of limbs, mild bowing of the fore limb in eight animals, and the

local coarsening and discoloration of hair. The weight and torso size of the dogs appeared
to be unaffected bj’’ treatment.

All of the dogs showed retardation of longitudinal groAvth of the treated extremities

TABLE III

Total Groavth of Radius and Percentage of

Retardation Caused by Treatment

Group
Amount of

Irradiation

No. of

Dog

Length of Radius

Retardation

[Per Cent.)Untreated

[Centimeters)

Treated

[Centimeters)

Difference

[Centimeters)

A 800 r 5 10.3 7.8 2.5 24

6 11.0 8.6 2.4 22

11 8.8 6.1 2.7 31
!

12 6.3 4.1 2.2 35

B 3 9.9 6.3 3.6 36
*

4 11.7 8.6 3.1 26

9 9.5 5.3 4.2 44

10 8.9 5.7 3.2 36

C 1,200 r 1 10.4* 8.1 2.3 ' 22
2 9.8 5.4 4.4 47
7 8.9 6.2 2.7 30
8 7.0 4.1 2.9 41

Tim proximal epiphysis of tlie radiiis (elbow joint) was irradiated in this animal.
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lar, fibrillar matrix intervening. The chondrocytes showed degenerative features, varyinsr

from swelling to pyknosis and fragmentation. No inflammatory exudate intruded. Pene-

trating the cartilage plate were occasional capillarj’- channels. There were many widely

distributed foci of calcification, dissociated from the normal metaphj'-seal location. Fre-

quently eosinophilic stripes of partial mineralization extended through the plate, from tlie

bony epiphj^sis to the metaphj''seal marrow. In the zone of new-bone formation, the

parallel fragile spicules of calcified cartilage, present in the controls, were replaced by

broad, generallj’- horizontallj'- disposed, bony trabeculae, giving clear-cut e\ddence of cessa-

tion of growth. The subepiphyseal marrow contained oedematous, fibrous tissue which was

focalh'' myxomatous and lacking in hematopoietic cells. These cells appeared in undimi-

nished numbers and normal proportions in the marrow cavity of the diaphysis. Cortical

bone was unaffected. Even those cancellous trabeculae in the subepiph3'^seal zone of scle-

rosis exhibited normal intrinsic structure.

There were no stigmata of the extensive degenerative process, just described, in any

of the dogs sacrificed after epiphyseal fusion had been completed. In one, a thin horizontal

line of cancellous bone marked the site of the resorbed cartilage, but this was also present

on the untreated side (Fig. 9). The microscopic appearances of the marrow and cortex

were identical bilateralljL Fattj'- marrow continued uninterruptedly from shaft into

epiphj’-sis with no residue of degeneration, fibrosis, or evidence of abriormal hematopoiesis.

Particular attention was directed to the joints and their contiguous surfaces. These

included the patella, the femoral condydes, the upper tibia and attached fibrocartilage,

the lower end of the radius, and the carpal bones. Despite some variation in degree, similar

changes were noted in all. These were, in the main, degenerative in character; and their

presence contrasted strikingly^ with the inconsequential findings which had been obserycd

during the previous studies on rats.

Without exception, in the present study, all articular cartilages which had been sub-

jected to irradiation showed microscopic exddence of degenerative changes, which increased

in severity'’ in direct proportion to the time intervening between treatment and sacrifice.

In only one instance could they'’ be considered more than slight to moderate in extent.

One relatively'^ constant observation was the thinness of the treated articular caiti-

lages. In three-fourths of the comparisons, made by actual measurement, the irradiate!

articular cartilage was only^ one-half to three-fourths of the thickness of the control joint

from the opposite limb. This finding xA'as sufficiently^ frequent to exclude the possibillt.^

of variation in the sectioning angle as a cause, and in no instance was the control caitilage

found to be thinner (Figs. 6-A and 6-B). In view of the fact that the treated joint as

smaller and the treated bone was shorter than the normal one, it would be surprising i

treated articular cartilage were as thick as that of the control joint. It is probable that ^^le

apparent narroAving of the articular cartilage was entirely'’ in keeping with the size o

joint itself.

There was slight variation in the hy'^aline matrix, and pallor of staining. That t le e/^

ture of the cartilage was poor was attested by'’ the fray'’ing of the surface, noted in soine^^

the sections. This was not believed to haA'’e occurred during life, but was nonethe ess

sidered of some significance. In a few instances (five joints), superficial

present. Cleft formation was rarely'’ seen. In one joint (the radiocarpal joint in og

there was complete, obx'iously'’ pathological denudation of all cartilage, \xdth

the underly'’ing bone. Tins was so different from the appearance of any of the o

that it was considered to be due to undetected trauma. In all other instances le s

of the joint cartilage were smooth and adequate for normal function.

The abnormalities of the joint cartilage were minor in degree, and ®
jn

tional import. They were recognized only by microscopic study. The car i^a^

all treated cartilages, however, were abnormal in one respect or another,

consisted in loss of polarity'' and consequent disarrangement of the noima

,
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Fig. 2-C Fig. 3

Fig. 2-C: Roentgenogram of same wrist as in Fig. 2-A, two years after treatment. The contonr of the

ulna is normal.
Fig. 3: Roentgenogram of Dog No. 2 demonstrates bony resorption in the ulnar metaphysis, twelve

weeks after treatment.

CM CHART I Doo 7

Growth retardation was noted in all of the bones treated (Figs. 2-A and 2-B), but
the amount and the percentage of retardation varied considerably even within a given
dosage group (Tables II, III, and IV). Ovei-all trends weie apparent. When the per-
centages of retardation of growth of the long bones in each group were averaged, it became
eiddent that 800 r produced less retardation of growth than 1,000 r (Table V). There was,
however, little difference between the effect of 1,000 r and 1,200 r on the radius and ulna.

The range of impedance was nude, but there was close correlation between the mean and
the average. In the tibia, the mean impedance was 20 per cent, and the average was 19.3
per cent. In the radius, the mean was 31 per cent, and the average was 32.6 per cent. In
the ulna, the mean was 31 per cent, and the average was 31 per cent. The longitudinal
growth of the tibiae and radii of Dog No. 7 is plotted on Chart I. The rate of growth was
slowest in the treated radius.

The amount of growth contributed by both epiphyses of each tibia and each radius
vas computed by measurement from the metallic markers which had been placed in the
mid-shaft of each long bone (Table VI). In the untreated tibia, longitudinal growth was
nearly equal from the proximal and distal epiphyses. In the untreated radius, however,
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'I'ABLE VIII

Aveuage IIetaudation of Growth from the Treated Epiphysis

Group Amount of

Irradiation

O'ibia

{Per Cent.)

Radius

{Per Cent.)

A 800 r 44 53

B 54 65

C 1,200 r 68 74

two-thirds of the growth resulted from the distal epiphysis and only one-third from the

proximal epiphysis. It would be rational to expect, therefore, that the inhibiting effect on

growth would be proportionately greater in a radius treated over the distal epiph3"sis than

in a tibia treated over either epiphj'^sis. This is shown to be true bj’- the results listed in

Table V. The effect of irradiation on growth of the treated epiphyses is shown in Table

VII. The average retardation in the proximal epiphj'^sis of the tibia is 44 per cent, with

800 r, 54 per cent, with 1,000 r, and 68 per cent, with 1,200 r. The distal portion of the

radius was retarded 53 per cent, with 800 r, 65 per cent, with 1,000 r, and 74 per cent, with

1,200 r (Table VIII).

One une.xpected and interesting observation was that the treated bone was not so

short as might have been predicted on the basis of the known amount of retardation of

growth of the treated epipliA'^sis. This was caused bj’- the increased rate of growth in the

untreated epiphj'^sis of the treated bone (Table IX). In twenty of the twent3"-two pairs of

limbs, the growth from the untreated epiph3'-ses in the treated limbs exceeded that result-

ing from their counterparts in the untreated limbs (Charts II and III).

There was a decrease of about 20 per cent, in the diameters of the treated joints, as

TABLE IX

Effect of Irradiation on the
Untreated Epiphysis of a Treated Bone

No. of

Dog

Growth of Distal Portion of Tibia Growth of Pro.ximal Portion of Radius

Untreated

{Millimeters)

Treated
j

{Millimclers)

Untreated

{Millimeters)

Treated

{Millimeters)

5 28 34 19 20
6 30 35 22 24

11 28 34 18 19
12 17 19 12 12

3 25 31
1

1

16 20
4 33 42 22 28
9 30 37 20 16
10 30 34 17 20

1 26 31 *

2 25 27 18 19
7 26 32

1

19 22

-A-verages 27

(15.6%)

32 18

(10%)

20

epiphysis on tlio treated side

coinpk°ed.’
'"eluded in this table, as the animal was sacrificed before growth had been
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columnar structure (Figs. 7-A and 7-B). There was swelling of lacunae, with or without

concomitant abnormalities of the enclosed chondrocjdes. The latter varied from cells

with normal structure to those vith either pj'-knosis or c3dol3’-sis. Frequentlj'', reduplication

caused the development of cluster-like aggregations. Changes of this nature were more

pronounced in the deep portions of the cartilage, in the vicinity of the subchondral hone;

and in two instances small creiuce-like C3'-sts were found at the chondro-osseous juncture.

In general, there was diminished cellularity, becoming more pronounced as the surface

was approached.

Normall3’’ in the cement zone, the aina in which the articular cartilage and subjacent

bone are joined, there is deep basophilia of both bone and cartilage for a short distance;

and the line of diidsion is abrupt, sharp, and relatively straight (Fig. 8-A). In treated

joints there was considerable variation in the depth of basophilia, and the cement line

was irregular and quite strikingl3’' scalloped in appearance (Fig. 8-B). The scalloping was

present to a significant degree in almost all treated bones, and probably represented

eifidence of some change in matrix consistency or mineralization.

Except for this, the subchondral structure was essentially normal. In the single joint

in which denudation occurred (radiocarpal joint of Dog No. 7), there was true eburnation,

but no other eiddence of sclerosis or thickening (Fig. 10). In one case a minute osteophyte

had formed at the margin, near the point of capsular insertion. Occasionally a small cluster

of trapped chondroc3des was found in the plate, but this also occurred on occasion in the

controls. Epiph3’’seal marrow substance was fatty, and the cancellous structure was normal.

Portions of S3moidal membrane and capsule -were ex'amined in all joints. The capsule

was perfectty normal in all except the single instance noted (Dog No. 7). Here there was

oedema and a rather marked round-cell infiltration. The synovial membrane was, as a

' ale. essentialty normal. A few minor lesions ivere found, but these obvious^’’ were not

primar3’ in nature. In two instances a minute tongue of synovial membrane wms affi.xed

to the marginal cartUage in a “creeping” fashion, but no erosive qualities were manifest.

In one section, small fibrinoid deposits appeared in several otherwuse normal s3’’novial

fronds, and in three, fibrinoid flakes w^ere lydng free in the cul-de-sac. In one joint there was

a tin3* loose bod3'', cartilaginous in nature, free in the joint space. Occasionally epithelial-

like palisading of the superficial s3''novial layer was seen,—a feature "which could not be

considered abnormal, since it occuri’ed also in the untreated joints. One s3movial section

sho'W'ed a marked papillaiy structure "without associated inflammation. Two othei joints

contained a scant sprinkling of l3Tnphocy1;es and plasma cells.
,

Sections of skin overhung the epiphyses "n^ere also subjected to scrutiny. As no e

in the gross examination, the hair shafts appeared coarser; and, in some, depigmentation

was noted as well. Nevertheless, histologically, no striking abnormality was ew

an3'' section. Keratosis "ivas normal in amount, and there ivas no follicular plugging-

corium and subcutaneous tissue showed no fibrosis, elastosis, inflammation, or eviden

vascular injury. The subcutaneous fat and muscle were all normal in appearance.

In summaiy, the following histological obsenmtions were considered significan
•

^

1 . The cartilage cells of the epiphyseal plates "U'ere profoundh'" affected by irra la

and the gro"wth process "was interrupted.
_

2 . FoUoiving epiph3^seal fusion and resorption, no stigma of the pre'rious amag

mained. .

3. Neither cortical nor cancellous bone nor included marrow shewed resi ua

of abnormality.
. niination,

4 . All articular cartilage exposed to irradiation showed, on microscopic exa

eiudence of mild degenerative change, save one "w^hich showed marked changes,

due to other causes.

5 . There "was no e"\udence of significant abnormality in the s3uioiual membrane,
jom^

•capsule, skin, or periarticular soft tissues.

TOI'-'T
nrvTjr tottt?'' t n'F' •POVF AVr>
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GROWTH OF RADIAL EPIPHYSES (CM)

more shortening than the tibia, treated over the proximal epiph3'’sis. This was probably
due to the fact that the distal epiphysis of the foreleg normally contributes two-thii’ds

of the growth increment, whereas the proximal tibial epiphj'^sis normally contributes onlj^

one-half.

4 . The epiphysis at the untreated end of a treated bone contributes more to the length
of the shaft than the corresponding epiphysis in the untreated side. No satisfactoiy ex-

planation of this stimulation of growth is apparent.

HISTOLOGICAD OBSERVATIONS

Since only one dog in each of the three groups was sacrificed prior to epiphj’^seal

union, only three animals could be studied histologically for the effects of irradiation

upon growing epiphyseal cartilage. In these three animals, the treated epiph3’'ses showed
severe changes, similar to those described previously in the rat The treated epi-

ph3'^seal cartilage showed evidence of very severe damage, and the growth process rvas

practicall5'’ at a standstill (Mgs. 4 and 5). The matrix was palel3'^ stained, mottled, and of
irregular thickness. Primitive chondroc3’tes were diminished in number, separated
nidel3% and frequentl3’’ gathered into clusters without polarit5''. The columnar arrangement
persisted, but in veiy abnormal fashion. The columns, although arranged in longitudinal
fashion, showed deviation in course, and were often grouped together with sparsel3^ cellu-

VOTi 70 VO A nr’Tnn'Tt? ioa-
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pending further studies. The bo\Ying of the forelegs R'hich occurred in eight dogs was not

sufficiently constant or severe to be considered as a factor in the development of tlip

degenerative joint process.

In the dog. the proportion of grov-th arising from a given epiplwsis was constant.

In the tibia, roentgenotherapy of either epiphysis would be expected to produce approxi-

mately equal results, as normal growth from the distal and proximal epiphyses is essen-

tially equal. The distal radial epiphj'^sis was found to contribute two-thirds of the longi-

tudinal growth of this bone, and the proximal epiphysis onl}'- one-third.- Hence artificial

inhibition of growth of the proximal epiphysis might be expected to cause only one-half

the retardation which would result from arrest of the distal epiphysis.

After irradiation, limited growth continued from the treated epiph3'^sis. In general,

it appeared that, with a given dose of irradiation, the degree of retardation was rcla-

tiveh' constant. A dosage of 800 r did not produce as much retardation in growth as

did dosages of 1.000 r and 1,200 r. Spangler observed that 672 r and 1,992 r, respectivcl.v,

in divided doses, were not adequate to cause complete arrest of growth in two human cases,

and that 2.65(5 r and 4,300 r, respectivel.v, Avere sufficient to do so in Hvo other cases. It is

believed that complete arrest is not required. Estimation of the amount of shortening de-

sired, knowledge of the proportionate growth index of the various epiph3’’ses, and due

regal’d for the integrit3
’’ of extra-osseous tissues are factors requiring primary consideration.

It is also necessar3" to take into consideration the data recorded in Table VIII, showing

that stimulation of the untreated epiph3'^sis of the irradiated bone usualty occurs. Several

explanations are possible: The overgrowth might be innately compensator3’’ in character;

the minor trauma resulting from limping, due to shortening of the limb, might haA’^e acted

as a stimulus; or the destructive process in the treated epiph3'sis might haA^e increased

'rculation to the bone. This introduces another Amriable, although possibl3
’’ predictable,

.i; ictor to the estimation of anticipated end results.

SUMMARY AND CONCLUSIONS

1 . Roentgen dosages of from 800 to 1,200 r AA'ere directed OA^er selected joints of six-

AA'eek-old dogs. The treated area included the joint, epiph3’’sis, and adjacent metaph3
'sis.

2. The epiph3^seal cartilage AAms profoundl3’’ affected, and retardation of growth

occurred.

3. The articular cartilage of the treated joints shoAA’ed frank microscopic evidence

of degenerative changes, and Avas not so thick as in the controls. These changes A\-ere not

sufficient to interfere AAith joint function during the period of the experiment, and AA-ere not

apparent on gross examination,

4. There Avas no eA’idence of significant abnormalit3'' in the adjacent cortical oi can

cellous bone, S3'noA'ial membrane, joint capsule, skin, or pariarticular soft tissues.

5. IMild boAAung of the treated fore limb occurred in eight of tAA'ch'^e animals, ho sue

deformit3' occurred in the hind limbs.

6. Although shortening of the treated bone occurred in each instance,

evidence of stimulation of groAA'th at the untreated epiph3'’sis of the treated long o

The cause of this stimulating effect is not apparent. •.

7 . The clinical use of roentgen irradiation of groAA’ing epiph3'’ses to contio

dinal groAA’th inecjualities in children must be considered as experimental, and fiaug i

some potential dangers. Vffiether the danger is greater than is incurred in smgica

dures, such as lengthening or shortening of the loAA'er extremity and epiph3'seoc esis,

aAA'ait further inAmstigations.
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FUSION OF THE HIP IN CHILDREN

The Chandler Method*

BY CHARLES N. PEASE, ILLINOIS

From the Children's Memorial Hospital, Chicago

The approach to the problem of tuberculosis of the hip joint should be directed to tlie

one purpose of eradicating the disease as rapidly as possible with a minimum of risk to

the patient. This purpose maj'- be accomplished by the use of the combined intra-articular

and extra-articular fusion of the hip joint described by Chandler.

Operations designed to transfer femoral weight-bearing from the hip joint to other

regions of the pelvis or to immobilize the hip joint by extra-articular means are not entirely

desirable. These methods circumvent the pathological process, which becomes a potential

source for metastatic spread. Eikenbary and Lecocq demonstrated an active tuberculous

process in the hip joint, despite an excellent extra-articular fusion. The area lying between

the superior portion of the femoral neck and the graft, which extended from the trochanter

to the ilium, contained tuberculous

AcGtabuluTn

n
^lutacus—
medius /

Trochanter^'' ; \ '• V

granulation tissue. A similar observa-

tion was made while the author was

revie\Hng one of the cases presented.

IVhat the Chandlerfusion strives to

accompli.sh is not only elimination of

motion at the hip joint, but also ob-

literation, as much as possible, of the

areas of bone destruction with the

associated soft-tissue involvement. It

is a simple procedure; it is one that

can be done rapidly; and it is not at-

tended by great danger.

Byi' this operation, an attempt is

made to replace the local area of dis-

ease by a coalescence of transplanted

bone which, in the healing process and

together with the surrounding fibrous-

tissue formation, obliterates the path

ological process. The removal of as

much of the necrotic and tuberculous

granulation tissue as possible and t le

substitution of healthy bone pro uce

a favorable site for new-bone formation and connective-tissue growth. The use ot la

trochanter and a portion of the shaft of the femur, together with bone chips, to pro uw

fusion will be described in detail later. These materials form- the foundation from

young connective-tissue cells infiltrate and spread, laydng the network for nev-

formation which will cement the affected area. Surrounding the new bone, the irous^

tissue formation, stimulated by’’ the surgery, will simultaneously invade what

the tuberculous granulations and ’will ultimately replace the latter, thus reversing

process of the disease.

* Read at the Annual Meeting of The American Academy of Orthopaedic Surgeons, Chica^

January 30, 1947.
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Fig. 1

Lateral incision extending from crest of ilium to five
inches below the greater trochanter.
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DISCUSSION

Particular attention must be directed toward the possible delayed effects of roentgen

treatment, if it is to be applied therapeutically to retard growth of the human limb. In

the present study, moderate dosages were utilized, and produced the anticipated inhibiting

effect upon the epiphyseal cartilage. The morphological changes in this structure, which

appeared soon after treatment, were similar to those previously noted in the rat b Late

morphological changes were not comparable with the results in the rat, because the

epiphyses of the rat do not fuse with the diaphyses. The present study on the dog showed

that fusion and resorption of the epiphj'-seal plate occurred, and that all evidence of intra-

osseous damage disappeared. Save for diminished length, the treated bone itself differed

only in minor respects from its untreated counterpart. The treated joint was somewhat

smaller than the untreated one.

Of utmost importance in this study was the determination of the relative roentgen

susceptibility of epiphyseal cartilage as compared with articular cartilage. Articular car-

tilage in the rat had been found in the authors’ studies and in those of others to be com-

parativelj’^ resistant to the roentgen ray ’• Horwitz and Dillman observed the histological

changes in four dogs, given from 3,000 to 8,000 r in fractionated doses over joints when
one j'^ear of age. These dogs were sacrificed at intervals between twelve and sixteen months
after treatment, and no abnormalities were noted in articular cartilages, subchondral bone,

synovial tissue, joint capsule, or investing soft tissues. Two other dogs, similarly treated,

were followed for longer periods, and shoived no roentgenographic evidence of joint dis-

ease. These authors state, however :
“ Despite the experience that much larger doses applied

to the more vulnerable joints of our dogs ivere without immediate and, thus far, remote

deleterious effects, it is our experience that very heavy roentgen-ray dosage will affect

normal human joints adversely.”

Engel found that both fibrocartilage and hyaline cartilage were resistant to large

amounts of irradiation.

Contrary to expectations based upon the authors’ earlier experimtmts on the rat,

the articular cartilage in dogs showed histological evidence of degenerative change. Since

no animal was studied earlier than the fourth month after treatment, it is not possible to

state that the damage to the epiphyseal and articular cartilages occurred simultaneously.

The damage appeared to increase vith time, although in only one of the twenty-four joints

could it be classified as severe. This one case of pronounced arthritis was assumed to be due
to some unknown cause.

The lesion found in all treated articular cartilages (patella, tibia, femur, radius, ulna,

and carpal bones) consisted of disarrangement and diminution of chondrocytes, thinning
of the cartilage, and a minor degree of change in the texture of the matrix and scalloping of

the cement line. With the one exception noted, there were no striking gross joint changes.
The articular surfaces were, for the most part, smooth and perfectly adequate for normal
function. It is probable that the durability of these cartilages was less than that in the un-
treated areas, and that deterioration with continued use would be greater. This was
demonstrated by the increased degeneration apparent in those animals sacrificed late in

the experiment.

Although one is justified in presuming that these degenerative lesions are the re-

sult of the irradiation per se, Horwitz and Dillman found no articular changes in the
dogs which they treated at one year of age, after the growth process had ceased spontane-
ousljL In these animals, in which maximum leg length had been attained, no shortening
should have resulted; and the trauma caused by limping must have been absent. Further-
more, rats recehnng similar amounts of irradiation, but v-ith movement and weight-bear-
ing restricted bj-- confinement in small cages, did not show any such degenerative process.
Hence it is possible that the deformity (shortening) produced b}'^ irradiation was the basis
for the articular lesion, and not the irradiation itself. This problem must remain unsettled,
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Fig. 8-C

Eleven j’-eais after opeiation.

to tM elve years, the average age being seven and seven-tenths 3’’ears. Patients were not

selected on the basis of risk, as demonstrated by the fact that three children also had

tuberculosis of the spine, three had tubei'culosis of the kidne}’’ requiring nephrectomj’’, tno

had tuberculosis of the elbow joint, one had tuberculosis of the sacro-iliac joint, anti one

had tuberculosis of the knee joint.

Fig. 9-A

H. K., male, aged ten. Tuberculosis of left hip.
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DISCUSSION

Dn. Frederic C.'Bost, San Francisco, California: The report of roentgen exposure as a means of ar-

resting epiphyseal growth, presented by Dr. Reidy, arouses considerable interest. Thus far, this work is purely

experimental, and it should not be applied to the treatment of inequalities of limb length in children. The ex-

periments reported by these authors show definite complications, such as unequal growth of the epiphyses,

failure of growth of the epiphyseal body, and some degenerative changes following irradiation. Such complica-

tions might lead to serious disturbances in function, which could not be tolerated by the human joint. The
fact that the varying doses of roentgen exposure give rise to varying degrees of epiphyseal arrest is of more
than passing interest. After further exiierimental trial, some means might be found to eliminate the complica-

tions noted in this studj’’, so that in the future some clinical application might be found for this method of

treatment.

Dr. j. Warren White, Greenville, South Carolina: In Dr. Reidy’s remarks, there was a question

as to why there was some growth at the free end of the bone, even of bone that had received roentgen treat-

ment. I think we can explain that from the fact that roentgen treatment has produced a generalized hyper-

aemia of the extremity. That is a clue which we can follow in possibly stimulating growTh in the short leg.

I was disappointed in the evidence of the arthritis that was found in the dogs’ joints. About six or seven

years ago. Dr. Warner and I carried on some unpublished experimental work on radiological retardation

;

and our feeling was, after we had treated five cases in children, that we were unjustified in continuing, in view
of the fact that we were getting skin damage with our animals which were being treated intensively. It is

apparent that, until we get a more encouraging report from these investigators, further retardation by roent-

gen rays should be postponed.

Dr. D. B. Fhemister, Chicago, Illinois: The interesting investigative work presented has emphasized
the fact that much remains to be accomplished before growth-arrest procedures for equalization of length
in the extremities reach their final stage of perfection. If retardation of bone growth by roentgen rays is to be
utilized clinically, it ndll be for equalization of length of the lower limbs. In the upper extremity, the indica-

tion is for equalization of the length of the radius and ulna in cases in which either bone is short as a result

of growth arrest at the lower end. This calls for complete arrest of growth at the lower end of the other bone,
combined in some cases with resection of a segment of the metaphysis, which can only be accomplished by
operation.
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TECHNIQUE

Hibbs first used the trochanter in extra-articular fusion of the hip, but Chandler eni-

plo3’s it in the combined operation. Although the technique of this operation has been

reported previousl3q a brief description of the method may be repeated at this time. The

patient is placed on his side, and the hip to be operated upon is elevated at an angle of 45

degrees. A lateral incision is made, extending from just below the crest of the ilium to

the junction of the upper and middle thirds of the thigh. There is no extensive separation

of fascial or muscle la3''ers; onty enough dissection is done to facilitate suture. The incision

is deepened b3
'- splitting the fibers of the tensor fasciae latae, and is then carried through

the vastus lateralis and the periosteum, and upwards through the glutaeus medins parallel

to the muscle fibers, exposing the superior portion of the femoral neck and crossing the hip

joint at right angles to the upper acetabular margin (Fig. 1). With a unde osteotome, bone

flaps are elevated mediall3’' and laterally from the base of the femoral neck dovmward foi'

three to five inches (Fig. 2) ,
depending upon the age of the patient. The acetabulum and

adjacent ilium are exposed b3'^ reflecting the joint capsule.

With an osteotome, a graft, consisting of a generous portion of the trochanter and

including three to five inches of the shaft of the femur, is made, b3’' means of parallel inci-

sions into the bone, which converge distally. The gi’aft is removed gently and placed in n

gauze dressing saturated with Ringer’s solution. The femoral neck and head come plaiidv

into view. The articular surfaces of the head of the femur and the acetabulum are rc-

mor’ed with a curette or chisel. On some occasions, the hip has been dislocated b3' slight

adduction and external rotation of the shaft of the femur; this facilitates removal of the

articular cartilage.

A hinged flap is elevated from the ilium at or slightly above the acetabular margin by

inserting an osteotome at the selected site. A recess is made beneath this flap to receive the

graft.

Bone chips are taken from the margins of the shaft of the femur where the graft was

removed or from the exposed ilium, and are firmly packed into the superior portion of the

hip joint (Fig. 3), The trochanteric graft is then turned end for end and driven into the

recess in the ilium (Fig. 4). The thigh may be adducted to facilitate the driving of the gra t

into the ilium. Upon abduction of the femur, the graft is locked into position. The osteo

periosteal flaps, made prior to the removal of the graft, make a closure favorable to osteo

genesis.

After closure of the wound, a double spica cast is applied, extending to the toes oo

the side operated upon and to the knee on the opposite side. After a period of from^

weeks to ten weeks, this cast is replaced by a single spica cast, which extends to jus

above the malleoli. .

The limb in plaster should be in complete extension and in sufficient

maintain the locked position of the graft, even if it has to be extreme abduction.

latter position is not considered optimum, but eradication of the disease is the mos

portant requisite and any’’ resulting deformity can be corrected later.
^

Despite the wide abduction and extension positions of the hip, it has ne^er^^^^

^

necessary’' to perform an osteotomy to correct these positions. In all instances,

decrease in the degree of abduction has occurred during growth, b3
'' virtue of t e po

action of the adductor muscles (Figs. 5-B, 5-C, 5-D, 6-C, 6-D, 7-B, and 7-0).

AFTER-CARE

The postoperative care of these children may differ from the conventional

sina used today. If the child’s general condition is satisfactory, no restrain
is being used today. If the child’s general condition is satisfactory, no

^-hile

limit activit3’'; instead, it is encouraged. If a child shows a desire to stan
, j^ore

; an attempt to return the patient
he is in plaster, he is permitted to do so. This is
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^ This study consisted of a five-year follou'-up of twenty-eight children upon whom the

Chandler operation had been performed. Twenty-three fusions were done for tuberculosis

of the hip, four for quiescent pyogenic infection, and one for congenital dislocation of the

hip which had been operated upon with a poor result. Ages varied from fourteen months

Fig. 8-A

A. R
,
male, aged six. Tuberculosis of right hip.
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Chandler has been doing a preliminaiy intrapelvic, extraperitoneal section of tlip

obturator nerve on patients requiring hip arthroplasty, in order to overcome postoperative

adductor spasm. Such section of the obturator nerve has been performed recentlv in

conjunction with hip fusion in six children. It is hoped that this Avill eliminate pseudartliro-

sis and adduction deformit}^ In addition, this procedure is expected to prevent the flc.xioii

deformitA" of the hip, AA'hich occurs simultaneousl3'’ AAutli adduction. Theoretically, flii;;

nerA'e section should result in adduction, because the iliopsoas does not exert its fulle.d

poAver AA’ith the leg in abduction (Fig. 10). Whether or not obturator-nerA'^e section will

result in a more faAmrable condition for fusion in the six cases in AA'hich it has already been

performed cannot be stated yet, since sufficient time has not elapsed to obsei'A'c the final

results.

COMMENT

The method described has simplified hip fusion and bj’’ its use excellent end result

haA^e been obtained. Some surgeons haAm objected to operating through an area Avith ai

acth'-e tuberculous process. HoAA^ever, the same objections are not usualty raised in the casi

of actiA'’e tuberculosis of the knee joint. The stud3'’ of the cases herein reported does no

indicate that there haAm been an3'- harmful effects; but, on the other hand, it has shout

that definite benefit is deriA^ed from direct earl3
’' elimination of an active tnbercnloii!

process.

The combined intra-articular and extra-articular fusion stimulates not only new-

bone formation for the production of fusion, but also considerable fibrous-tissue formation,

AA'hich replaces tuberculous granulation tissue and obliterates the infected areas in the

same manner as thoracoplast3^

Obturator-nei'A'e section, combined AA'ith hip fusion, appears to hold promise of a

decrease in the incidence of pseudarthrosis and deformit3^
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Pseudarthvosis occurred in three cases. One child was operated upon three times before

a satisfactory result was obtained, while three children were operated upon twice.

There were no deaths immediately following surgery, but one child, who also had a

tuberculous knee joint and a tuberculous kidney, died from tuberculous meningitis one

year following the hip fusion. Two children in whom tuberculosis of the cervicothoracic

and cervical spine had developed, one and one-half and two years, respectively, following

hip fusion, also died from tuberculous meningitis.

Pig. 9-B
Two years aftei opeiation Hip sinus was diaining Tuberculous kidney had been lemoved
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Fig. 10

a: Schematic drawing of iliopsoas muscle in position for its most efficient pull.

b: With limb abducted, iliopsoas does not e.xertits greatest poiyer. With the elimination of

adductor force by obturator-nerve .section, there should be less likelihood of flexdon as well as of

adduction deformity.

normal physical status. 'With the approach to normal p]i3'^sical activitj'-, conditions are

favorable for improvement of all bodily functions, thereby stimulating physical and

chemical processes conducive to tissue repair.

The minimum time in plaster was four months; the ma.ximum, twenty-six; the aver-

age, eleven months.

Transfusions with whole blood or packed cells are given if the erythrocyte count is

below normal. A high-caloric diet and one rich in protein and minerals is desirable. Cod-
liver oil is given daily.

When the chart indicates that no gain in weight has been made, complete rest is

ordered. Roentgenograms of the hip are examined for possible active disease, and evidence

of metastasis is looked for in other parts of the body.

Routine guinea-pig inoculation with urine from all patients under active treatment

should be done everj'- six months, since two of the three patients who had concomitant

tuberculous kidne3'^s exhibited no urinary symptoms. It was only after positive guinea-pig

findings that pyelograms were made which demonstrated destructive processes on one
kidney of each child.

Draining sinuses occurred in four patients postoperativel3L Discharge persisted for

two, ten, twenty-four, and thirt3’^-two months, respectivehL All hips fused solidty in spite

of the discharging sinuses.

Adduction and flexion deformity occurred in three cases, which required correction
b3" osteotom3L There are two other patients who are in need of osteotomies, because of

adduction and flexion deformit3L

OBTUR.4TOn-NERVE SECTION

Ihe power of the adductor muscle was not onW a factor in producing postoperative
deformit3^, but was also considered a possible cause for failure of fusion. Elimination of this
force should favor a more satisfactoiw end result in hip fu-sion.

voi. 29 x-o 4 ocTonrn ifir
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reasoning is justified from the results, since arthrodesis is more easily obtained in a hin f
this type than in that of a younger child or in the presence of a lesion which is still LI
grossing rapidly. Of forty-three hips immobilized for from two to eight years in preparation

Fig. 2-A Fig. 2-B

si.\ 5"ears. Roentgenogram sliows early tuberculosis of the left hip, ivith

misele'^nnsm
iR.the metaphyseal region of the neck, and partial dislocation of the hip from

miscie hpasm. 1 he hm lomt Itself was si. 1
'

, and position was

! femoral neck and contained

Fig. 2-D: Six months after an intra-articular arthrodesis with a massive tibial-bone graft, ex

from the ilium into the trochanter. Absorption of the graft at its mid-point, by invasion of ttietimt

tissue, had begun.

tvT
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TABLE I

Results of Attempted Abthrodesis of the Hip

:
1

!

Number of

' Hips
1

1

Fusion

Failures

Percentage

of

Fusion

End Result

Unknown
After

First

Operation

1

After

Second

Operation

Entire series 72 41 11 17 75 3

Hips immobilized 1

2 to S years 43 25 6 9 72 3

before fusion
j

1

1

TABLE II

Results as to Type of Arthrodesis

1

1

Solid Fusion Failure Unknomi

1

Intra-articular
I

29
i

10 2

Extra-articular 23 7 1

Total 52 17 3
1

same patients had had subtrochanteric osteotomies for correction of a deformity, and it is

possible that this may have contributed to their eventual solid arthrodesis.

As regards the local lesion, these results are not unsatisfactory; yet, when we con-

sider the individual as a whole, this form of treatment must be classified as poor, because

of the extreme secondary changes which occur in these extremities, subjected to years of

immobilization and inactivity^ As a rule, the end-result studies showed these patients to

have extremities which were several inches shorter, atrophied, and with knees so relaxet

that lateral motion often equaled the degree of flexion and extension (Figs. 1-E, 2-G, ant

4-A). The long bones were often so fragile that spontaneous fractures were not infrequent

Occasionally, genu valgum and medial or anterior bowing of the tibia were also seen, n

short, these individuals were as disabled from these secondary complicating factois a.‘-

TABLE III

Results as to Ty'pe of Graft Used

Solid Fusion Failure
Unknon-n

Tibial graft 17 6

Iliac graft 20 7

No graft 1 1

Trochanteric 2

Iliac M-ith calcium insufflation 2

Osteoperiosteal 2

Subtrochanteric osteotomy only 1

Combination of procedures ! 7
1

3 '

1

3

Total 52 17

ciT.o' a’'
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TABLE IV

Shortexing Resulting from Prolonged Immobilization

Period of

Immobilization
1

XumberofHips
Involved

Ma.vimiun

Shortening

(Inches)

Average

Shortening

(hichcs)

2 to 8 yeai-s 43 7 2.7

(Average, 4 j'eai-s)

3 j'ears or more 24 7 3.3

the}" originally had been from the hip-joint tuberculosis itself. Of fort3'--three hips which

were complete!}" immobilized for from two to eight years, twenty-eight showed shorteninj;

of from tivo to seven inches. There was an average fixation time of four years in the forty-

three patients, with an average shortening of 2.7 inches (Table IV). In twenty-four pa-

tients immobilized three years or longer, an average shortening of 3.3 inches was found.

The degree of shortening, in some instances at least, seemed in direct proportion to tiio

period of complete immobilization. Eleven patients showed shortening of four inches oi

over, which is certainly enough to be classified as a major deformity and handicap. One

patient, immobilized for eight years, showed shortening of seven inches (Eig. 4-A). Othci

Fig. 4-A Fig. 4-B

Fig. 4-A: Case S. D., aged twelve j"ears. Photograph of patient, showing seven

following eight 3"ears of plaster immobilization. Evcellent arthrodesis of the hip had (jfthf

Fig. 4-B: Anteroposterior view of the corresponding knee joint, showing coimlete
.

..,1 line.
Tlif

lower femoral epiphj’seal line and onfi'- a small marginal lemnant of the upper tibial epipn.

upper fibular epiph.vseal line remains open.
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TUBERCULOSIS OF THE HIP IN CHILDREN

Certain Roentgenographic Manifestations, Secondara' Changes in the Extremity,

AND Some Suggestions for a Program of Therapy*

BY H. R. MCCARROLU, M.D., AND R. D. HEATH, M.D., ST. LOUIS, MISSOURI

From (he Shrincrs’ Hospital for Crippled Childrai and (he Department of Surgery, Washington University

School of Medicine, Si. Louis

Tuberculosis of the hip in children, despite years of study and varied types of manage-

ment by innumerable investigators, still stands today as one of the most difficult problems

encountered in working with crippled children. In these cases, the ultimate aim for the

optimum end result can be simply stated as arthrodesis of the hip; but this is where the

trouble begins. To accomplish arthrodesis in a young child early enough to prei'ent massive

destruction of all bone structures in the region of the hip, and to prevent the extreme

secondary changes in the extremity which result from prolonged fixation, is no simple tasli.

It is with this aim in mind, and with the desire to stress the extreme secondary manifesta-

tions frequentty encountered in these extremities, that this presentation has been under-

taken. It is based on a stud}'^ of eighty-six cases at the St. Louis Unit of the Shriners’ Hos-

pitals for Crippled Children.

The various clinical manifestations of tuberculosis of the hip are well recognized.

We do wish, however, to show two types of early involvement which may be encountered.

Phemister and Hatcher, in 1933, in their classical presentation of the pathological changes

in tuberculous arthritis, stated that, in the majoritj’- of cases, the initial osseous invasion

of the hip occurred in the juxta-epiphyseal region of the neck of the femur. In those of our

cases in which the early osseous lesion could be determined, the cancellous lione on the

acetabular side of the joint was more frequently involved than the metaphyseal region of

the femoral neck. A typical case with primary involvement of the acetabulum is shown in

Figures 1-A to 1-F. We have, however, seen an occasional case in which the initial lesion

occurred in the metaphyseal region of the femoral neck (Fig. 2-A). Such lesions, although

they may be slower in progression, usually result in the same massive destruction of the

hip joint as shown in this case, and present an equally difficult problem. In most of the

cases seen in this Clinic, the disease had advanced to such a degree that it was impossible

to state Avhether the initial invasion was synovial or osseous in nature, or on which side of

the joint space the initial osseous invasion had occurred. From a purelj'- practical stand-

point, this is of little importance, since total destruction of the joint almost invariabl}’-

follows either t3"pe.

The onset of the disease in verj'^ jmung children, two to five j^ars of age, is not un-
common. There is usually little resistance on the part of these individuals to the infection,

and massive destruction in the joint follows veiy rapidlju Also, in these children, bone
development is still in its infanc3’', and we have very poor structures with which to under-
take surgical fixation of the joint. Because of this fact, it was our policy, prior to 1940, to

maintain continuous and complete immobilization in plaster-of-Paris spicas until the age
of eight or nine 5’'ears. This age was chosen arbitrariR'- as the age when bone development
was sufficientR'^ advanced so that arthrodesis of the hip could be reasonabR'" expected after

insertion of a bone graft b3
’- one means or another. Our other theory, in following this plan

of treatment, was that surgeiy should be postponed until the destruction had reached its

maximum point, and the development of an area of increased bone densiti’ about the
defect had shown some attempt to limit the pi'ocess (Figs. 1-B and 2-C). This line of

*.Pr^eiited .at the Annual Meeting of The American Academy of Orthopaedic Surgeon-. Chicago
Illinois, ,Tamiarv 30, 1947.
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Fig. 2-E

(-“Fig. 2-E: Ten yeais after onset and thiee yeais after aithiodesis,

the bone graft had disappeaied and theie was no evidence of bony
union. The defect in the acetabulum and in the fenioial neck,

however, had filled in consideiably.

Fig. 2-F: Twelve yeais after onset and five yeais after aithrod-

esis, complete healing had taken place. The joint space was obliter-

ated and the entiie cavity was filled witii new bone.

Fig. 2-G: Photograph of D. R. at age of fourteen, aftei five yeais
of plaster immobilization. Shortening of four inches was still

piesent three yeais aftei epiphyseal ariest in thenoimal extremity.

for arthrodesis, satisfactory results were obtained in

thirty-one instances. Of the thirty-one satisfactoiy fu-

sions, twenty-five occurred following the first attempt,

while six hips required a second operation. There were

nine failures in this group; the results were unknown in

three.

In the entire series, arthrodesis has been attempted
in seventjr-two cases in Avhich adequate follow-up studies

have been possible and in which arthrodesis has been de-

laj^ed for varjdng periods, according to the age of the

patient. These follow-up studies have extended over

periods which have varied from three years to twelve
Shears. The results in this entire series are shown in Table
I; the percentage of satisfactory fusions is almost identical

m the two groups. Tables II and III show I’esults according to the type of arthrodesis and
the type of graft used. Satisfactory results in 75 per cent, of the cases is a higher average
than in most reports in the literature. There ma}'’ be two e.xplanations for this higher per-

centage. First, no adults are included in this series, and it is possible that complete oblitera-
tion of the joint space may be more difficult to obtain in adults. The second factor ma}^ be
the length of follow-up studies in these patients. IMan}'' patients, classified as “failures”
four to five j^ears after operation, showed e.xcellent results and solid arthrodesis eight to ten
years afterwards (Figs. 3-C and 3-D). The length of follow-up is, therefore, definite^
important in determining the percentage of solid fusions. In the interval, many of these

Fig. 2-F

Fig. 2-G
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cases, and dissolution of the graft promptl3’' occurred in all four cases (Figs. 5-A to o-C).

In onh' one of the four cases has solid fusion resulted, while in another, some indication of

possible ultimate arthrodesis is eAudent after four and one-half years. Difficulties encoun-

tered in these four cases were such that we did not consider the continuation of such a

policy justified.

Our next move was the use of a massive extra-articular tibial graft, bridging the joint

space from the wing of the ilium to the greater trochanter. A hole was cut in the denuded

ilium Avell above the hip joint, into AA'hich the proximal end of the graft was Avedged. The

distal end of the graft was placed in a groove, cut betAveen the greater trochanter and the

base of the femoral neck. In some instances, the entire greater trochanter A\’as remoA'ed,

the graft Avas interposed, and both AA-ere anchored to the shaft again by means of threaded

AA'ii-es. Bone chips from the tibia and from the ilium Avere scattered about the tibial gi'aft

to fill the defect betAveen the graft and the ilium above the joint level. Here again, hoAA’ever,

the results AA-ere not encouraging, and the graft often failed to seiwe as a permanent sup-

port (Figs. 6-B and 6-C).

At this time the Brittain arthrodesis Avas reported in the American literature as being

quite satisfactoiy, and AA’e turned to it in the hope that this might serA'-e as a solution to the

problem. Six such operations haA^e been done in patients Avith earlj’- lesions, and Ave are

still not conAunced that this is an entirely satisfactoiy ansAver for the management of t!ie

earh' tuberculous hip. The folloAA'ing technical difficulties have been encountered in per-

forming the operation in jmung children; (1) The placement of the osteotome and the

large tibial graft into the small area of the ischium beloAv the acetabulum, AAUthout entering

the hip joint and Avithout placing the graft in the area of the obturator foramen, is difficult.

"With the former, the fusion becomes intra-articular in type; and Avith the latter, a smaller

bed of bone is aAmilable for fixation of the tibial graft. (2) The distal fragment of the femur

should be completeh’’ displaced medially, so that this fragment completelj’' bridges the

span of tibial graft betAA'een the ischium and the trochanteric area of the proximal frag-

ment. This has proA'ed to be a difficult accomplishment in young children, eAmn Aiffien the

entire circumference of the limiting periosteum has been cut. Such displacement of the

distal fragment and the maintenance of this position are more difficult in ^mung children

than in adults, CA’en Avhen the extremity is AAudety abducted. A reAueAV of the cases reported

in the literature shoAvs that other authors haA'^e apparently had similar difficulties.

FolloAA'-up studies on this series of six cases are not aAmilable at this time. Thejmungest

patient in this group is four j’-ears of age and the oldest is thirteen jmars. Four of them

haA^e been foIloAA-ed for OA^er one A’’ear. In tAAm of these cases (Figs. 7 and 8-A), absorption

of a portion of the graft had occurred bj"" the end of the first year. This AAms undoubte }

due to iuA'asion b}’’ tuberculous granulation tissue. In tAAm other cases (Figs. 9 and 10-- ),

the graft seems to be united at each end, and the patients are AA^alking AA'ith the aic o

crutches. Yet, the degree of fixation is not A'^ery great, and there has been little, if any

change in the appearance of the hip joints. OAmr a period of ^'ears, hoAAmAmr, comp

obliteration of the joint space maj'" occur. In this series of seA'^enty-tAAm hips upon a\ i

arthrodesis has been attempted, manj’’ hips, as stated preAuouslj'’, could be classet

solidlj' fused, after folloAA-up studies of eight to ten j'^ears, in AAffiich the results aa ou c ^aA

been classed as failures after four to fiA’-e A’'ears.
, .

.

An important point in the selection of cases suitable for the Brittain arthrodesis is

^

make sure that the portion of the ischium to be used has not been invaded by the

culosis. Unless normal bone is present at this point for the. insertion of the bone

an extra-articular type of arthrodesis is impossible, and the primaiy purpose of t le

tion has been lost. Brittain states that tuberculous disease more frequently

AA'ard into the ilium than doAvnAA'ard into the ischium; in fact, he states that f
.pj.y

extremely rare. Other authors have verified this statement. This may be true m >

early phases of the disease; but, if the process has been present for a modern e e



Fig. 3-A Fig. 3-B

Fig. 3-A: Case A. D., aged three yeais. Roentgenogram shows massive destiuction of the light hip
fiom tubeioulosis. Obviously the primary osseous lesion in a case of this type cannot be stated.

Fig 3-B: Foul months later, immediately after an intia-articular type of fusion with the inseition of

a massive tibial-bone giaft.

Fig. 3-C Fig. 3-D
I'lg. 3-C; Three years later, roentgenogram showssome filling in of the destructive lesion, but complete

faihne as far as the arthrodesis itself is concerned.
Fig. 3-D: Tn elve 3'eais after arthrodesis, showing complete obliteration of the destructive lesion and

bony trabeculae tiaversing the entire joint space. Subtrochanteric osteotomy had been performed in
the interval.

VOI, 29, XO 4 , OCTonm 1947



904 DISCUSSION

DISCUSSION

Dr. Robert Perlman, Cincinnati, Ohio: I am in hearty accord with Dr. McCarioll in lii.s idc, of 'U
tempting to forestall the secondary changes in the extremity, which result from chronic, destructive tiil'cr 'i

losi.« of the hip and its treatment. Will this problem be solved before a more direct method of approacli is iculf
on the tuberculous process itself, comparable to the use of penicillin in osteom)'elitis? Can we avoid longperiml!
of immobilization? May we permit early activity and early partial, protected weight-bearing of the involved
e.xti'emity? Dr. McCarroli may have the answer in his suggestions of early operation and early acfivifv

That arthrodesis of the joint is a most suitable form of aid in the arrest of the tuberculous process is iddclv
accepted. The controversy arises as to which method of arthrodesis best meets the need in any particular case
Dr. McCarroli obtained fusions in 75 per cent, of his cases. About 18 per cent, of these had to have more than
one operation. The type of operation varied. Dr. Pease, using Di-. Chandler’s method of fusion, obtainedsiic-

cessful fusions in 85 per cent, of his cases. A small number of these required second operations. In Dr. Chand-
ler’s operation, it appears to be true that the tuberculous focus is collapsed, but is the disease comiiletcly

eradicated bj' this pi'ocedure? Is it certain that the manipulation at operation does not cause disseminafioii of

the tuberculo.sis? Is the situation in hip and in knee tuberculosis comparable? In how many cases is there a

flare-up after successful fusion, no matter what the type of operation?

We believe the following criteria should be met in the treatment of tuberculosis of the hip:

1. An adequate period of preoperative care.

2. A successful fusion operation, which should provide:

a. A high percentage of fusion in a relatively' short period of time, in order to allow activity as early as

possible;

b. Fusion of the e.xtremity in the optimum functional position;

c. Avoidance of the tuberculous process as far as possible;

d. Avoidance of the development of postoperative sinuses.

These criteria are best fulfilled in our hands by the Brittain operation. We intend to give the method a

continued trial.

I agree with Dr. McCarroli that the invasion of the inferior aspect of the acetabulum occurs not infre-

quently, but it does not always involve so much of the ischium as to contra-indicate the Brittain operation.

With traction, medial displacement of the distal fragment is not difficult. Complete circumferential division

of the femoral periosteum is not necessary in order to displace the distal fragment medially; and displncemcnt

is necessary in the Brittain operation. If the ischium is involved, should osteotomy be performed as a compro-

mise? This procedure necessitates rest during healing, and it may also in itself lead to fusion.

Dr. H. D. Morris, New Orleans, Louisiana: Heretofore, on our Service at Charity Hospital and in

the Louisiana State Crippled Children’s work we have been reluctant to enter the area of tuberculous involve-

ment and have confined ourselves, as far as possible, to extra-articular methods of fusion in tuberculous hip'.

However, the experience of Dr. Pease with the Chandler type of fusion should allay any' hesitancy' on the

surgeon’s part to combine intra-articular with the extra-articular technique, for certainly three failures m

twenty'-eight arthrodeses speak for the technical efficiency of this method. The ease and saving of time in

direct lateral approach to the involved hip should appeal to most operators, and the trochanteric graft o ers

an abundance of osteogenic material. Dr. Pease mentions one point, in the general treatment of tuherculoib

patients, which I would like to emphasize,—that is, the routine guinea-pig inoculation with the mine o a

patients under active treatment every' six months. Unless this is done, I am sure that many' concomi an

tuberculous kidney's, which exhibit no urinary sy'mptoms, will be overlooked. The use of intrapelvic ohturn or

neurectomy as a preliminary procedure to arthrodesis of the hip offers a new and unique attempt

the occurrence of flexion and adduction contractures, which, in our own e.xperience, have occurred al too rc

quently', even following excellent original hip surgery' in which there was apparently satisfactory art iro( cs^^-

I think we are indebted to Dr. McCarroli for again stressing the extreme secondary iiianifestations,^pa^^

tieularly' the shortening which results after the prolonged fixation that is generally used in the trea
j

tuberculous hips prior to fusion. It has been customary' on our Service to use the same criteria as

by' Dr. McCarroli and to delay surgery until destruction has reached its maximum and an area o

bone density about the tuberculous defect can be seen in the roentgenogram, indicating thatt >e

has shown some attempt to limit the tuberculous process. Stimulated by' his observations, I rapi y
^

^
^

five cases of adult tuberculous hips treated on our Service, in which cessation of growth ha
inclie--

found that the maximum shortening was five and one-half inches and the average shortening

I heartily agree that it behooves those of us who are doing work with crippled children to^ ra lo

initial treatment of tuberculosis of the hip in an attempt to prevent these extreme secondary c la ,

are frequently as disabling as the primary disease.
, , - . -rfonned. In ho*''

I would like to show slides of two cases in which the Brittain ty'pe of arthrodesis P
^ 'nvolved in lij*'

instances, the medial portion of the graft was inserted into the ischium, which was de m e y i

fQ„riccn

tuberculous process. The first patient was thirteen years of age at the time of arthro
of tU

months follov'ing the operative procedure, has an e.xcellent result with no evidence o
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Fig. 4-C Fig. 4-D

Fig. 4-C: Low-power magnification of lower femoral epiphj'seal line of the involved extremity, after

eight years of plaster fixation. Only a remnant of the epiphyseal cartilage remains, and this lies parallel

to the long axis of the bone and disappears entirely a short distance below the surface.

Fig. 4-D: Low-power magnification of normal lower femoral epiphyseal line in the uninvolved
extremity.

major operations were often necessary in an attempt to compensate for this shortening, but

their consideration is not within the scope of this discussion.

We were at a loss to account for the extreme degree of shortening which occurred in

these patients. The upward displacement of the extremity as a result of the destruction

at the hip joint, and the complete loss of the upper femoral epiphysis, which accounts for

only 12 per cent, of the growth of the lower extremity, could not possibly explain the ex-

treme shortening which followed. It finally occurred to us to take roentgenograms of the

other epiphyses of the extremity, and these revealed changes which could easily explain

the discrepancy. Premature closure of the epiphj'^ses, with deformity of the epiphyseal plates

and metaphyseal areas, was revealed (Figs. 1-F and 4-B). These changes were described

by Gill in 1944. Sections for biopsy were obtained from the lower femoral epiphyseal lines

in the involved extremity and in the normal extremity of the patient with seven inches of

shortening. These revealed only a remnant of the epiphyseal line in the involved extremity
(Fig. 4-C), as compared with a perfectly normal epiphyseal structure on the other side

(Fig. 4-D).

As stated previouslj^, of forty-three hips treated bj'- prolonged preliminary plaster

fixation and rest, solid fusion occurred in thirt5''-one instances after surgical arthrodesis by
means of bone grafts. However, the secondary changes resulting in the extremities were
so serious that it seemed unwise to continue this plan of therapy. We decided, therefore,

to attempt earlier operative fixation in every instance where the general condition of the
patient would permit. Plaster fixation of the hips was used for approximately six months
after the diagnosis had been established, in order to permit the earlj'’ acute symptoms to

subside and also to improve the general condition of the patient as much as possible. This
was then followed by attempted arthrodesis of the hip. While it was clearly understood
thatearlyintra-articulararthrodesis was inadvisable and unsuccessful in the majority of in-

stances, we still attempted four such operations. Draining sinuses followed in three of the

'Ol, 31
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Dk. a. Bhuce Gill, Philadelphia, Pennsylvania; Forty years ago, when I began the iiraptirc oi

orthopaedic surgery, the accepted method of treating tuberculosis of tlie hip in children was by inolongo,!

fixation in plaster casts. Observation over a period of years demonstrated that a frequent result of this iiiotliod

of treatment was a very marked shortening of the entire lower extremit —often as great as four to si.\ iiif||(.,<

We thus learned that prolonged encasement in plaster casts produced marked atrophy of skin, muscles am!
bones, and prevented normal growth. The use of Buck’s extension, enforced recumbency, prevention of gro^^

movements of the hip joint, and exposure to sunshine has brought about happier results.

My own opinion is that we must consider tuberculosis of the hip as a general disease with a local mani-

festation, and that it can be arrested only through increasing the natural resistance of the child to this infec-

tion. Many of us have frequently observed that attempts to fuse a tuberculous hip in the acute stage of the

disease do not result in fusion and an arrest of the disease process. On the other hand, the disease continues to

spread and, not infrequently, the wound eventually breaks down and becomes infected with p}'ogenie micro-

organisms. It always appears particularly unreasonable to attempt to fuse a hip when the disease involves the

ilium. How can prevention of motion by fusion cure the disease in a bone where there is normally no motion?

Fusion, in my opinion, is indicated only after the natural resistance of the child has gained mastery over

the disease, and after the acute stage of the process has passed. I think the most suitable time for operation is

after the child has reached his tenth year of age, provided the acute manifestations.of the disease have dis-

appeared. The object of fusion is not to cure tuberculosis of the hip, but to prevent local recurrence of the

disease and to prevent or to correct deformity of flexion and adduction.

About twenty ymars ago I published a paper (“Pathological Dislocation of the Hip”, Southern Medical

Journal, 22:207-212, 1929) in which it was demonstrated that intra-articular fusion can be accomplished in

old cases of tuberculosis without danger of causing recurrence of the disease. These operations were done at a

time when orthopaedic surgeons, for the most part, were fearful of operating upon a tuberculous joint.

I should like to emphasize again that operation upon a local focus will not of itself cure a general disea.'c,

and it will not cure the local manifestation of it, unless the resistance of the child becomes sufficiently devel-

oped to bring about an arrest or cure of the morbid process. We do not know of any short cut for the cure of

tuberculosis. Individuals affected by this disease must, throughout all their lives, maintain their bodily resist-

ance at a high level to prevent local manifestations of the disease in various parts of the body.

Dr. C. N. Pease, Chicago, Illinois (closing): I did not come here to discuss the Brittain operation.

I came here to show what I believe is the best approach to an active tuberculosis in the hip joint. I think the

number of cases shown here this morning bear out mj' point. I had a good many more slides to show, several

of which illustrate eradication of the active tuberculous areas.

In reply to Dr. Perlman, the knee joint is just as much a weight-beaiing joint as the hip joint, j'et there is

no hesitancy on the part of any orthopaedic surgeon about fusing a tuberculous knee joint. It is tnic that }ou

may run into active disease and that you ma3' expect drainage, but not any more so than in a tubercu ous

knee. We feel that we give our patients adequate preoperative care before starting this procedure. Me hau’

had none go into acute surgical shock. I remember no case where a blood transfusion was performed at '<-

time of operation. This operation is simplest takes about thirty minutes. The obturator-nerve section is ( one

as a preliminarj^ and takes onlj^ ten or fifteen minutes. ...

I think Dr. Morris and Dr. Barr spoke of waiting until the tuberculous process became stationar)

1 inches had
wait for that, before jmu do your fusion, you will wait a long time. Dr. McCarroll showed that some of the

patients had been five or ten years in plaster—so long that shortening of the leg from five to seven i

occurred—and still the process was active. We get our children into the best possible condition, w it 1 1 le

count up and the sedimentation rate down; when they reach this point, we do our surgerjn
J

had had the disease for five years and was treated elsewhere bj^ so-called “ corrective measures
.

Up
sufficient time had been spent on this type of therapy. His condition was as good as it was going

^

was operated upon one week after admission to the Hospital. He later became a basketbal

baseball pitcher and was offered an athletic scholarship at a small Illinois college. It jmu n ait un i joi
j|pr

grams show a decrease in tuberculous activity, you will wait a long time; and in many of these ca-c

destruction takes place.

Dr. H. Relton McCarroll (closing) : In answer to Dr. Gill, I realize that none of t e n or

original. Most of these procedures and the types of arthrodesis presented have been c one

again. We know that many j^ears ago Dr. Hibbs discontinued prolonged plaster immobi iza °
eiioiidi

hips, because of the marked shortening which resulted in the extremities, but most of us are s

to believe something much more readily after we have had an opportunity to try it our.,c ve-
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Fig 1

Fig 2. A veitebia fiom the middle of a curve, as
the concave side {According to Broca )

Fig. 1: Showing tlie typical appearance of

wedgmg at A, and also changes indicating rota-

tion of bodies as a whole. At level B there is no

rotation, and the outlines of the pedicles are dis-

posed symmetrically. At level A there is rotaiion;

and the outline of the pedicle is visible on the

convex side only, and is displaced medially rela-

tive to the lateral bolder of the vertebral body.

seen fiom above, showing atrophy of the pedicle on

greater resistance to correction of the rotation. Rotation in itself is a complicate

ity, and its precise nature cannot be learned from a roentgenogram. It compiiscs

ments,—the rotation of the vertebrae as a ivhole, and the structural distortion

various parts of each individual vertebra. .

It is assumed that, as lateral deviation develops, each vertebra in the
rotaO'

rotates on a vertical axis situated somewhere behind its spinous process. I e *

displacement in the spine is recognized in roentgenograms as a general asj^mm

shadows of the pedicles in relation to their corresponding vertebral bodies, i

outlines of each pair of pedicles are seen roentgenographically to be dispose

toward the lateral borders of each vertebral bodj’- (Fig. 1, B). If the verte jra i

THE JOUBXAL OF BOVE AN'D JOIST



TUJ3ERCULOS1S OI^' THR HIP IN CHILDUKN

Fig.

9

Fig.

10-A

Fig.

10-B

Fig.

9:

Case

P.

D.,

aged

seven

years.

Appearance

of

hip

one

year

after

Brittain

arthrodesis.

The

graft

seems

to

be

anchored

at

each

end

and

adequate

to

affoid

support.
t’ig.

10-A:
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Fig. 7-A Fig. 7-B
^

Fig 7-A' Case 3. W. B., a bo}% aged twelve. Mild degree of wedging and very little rotation.

Fig 7-B .^fter collection of lateral deviation, rotation actiiall}' increased.

Fig. S-A Fig. S-B

Fig. S-A; Case 4. E. D., a girl, aged thirteen. Mild degree of wedging and rotation.

Fig. S-B: Showing full correction of both.
. „ ,ri
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time, destruction of the ischium is very common. Of eighty-three patients in this series

with adequate roentgenographic studies, extension into the ischium for a significant dis-

tance below the acetabulum was present in sixty-three instances (76 per cent.). This

obviousl.y rendered these patients totally unsuitable for surgery of this type. As a matter

of trial, this operation was performed upon one patient with obvious involvement of the

ischium. Follow-up studies on this patient are not jmt available.

In spite of these difficulties and considerations, however, the Brittain arthrodesis

seems to offer as good a possibility for an early, successful arthrodesis as is available at

present. It should be remembered that to attain good arthrodesis of a tuberculous hip in a

jmung child, when the disease is still in the active phase, is a very difficult task, and there

is no entirel}'’ satisfactoiy procedure available. When we consider the crippling effect of

secondarj'- changes in extremities that have been immobilized for many years prior to

arthrodesis, however, we must admit that some form of early operative fixation is justified

and should be attempted. It is with this in mind and in an attempt to activate the diseased

extremities as soon as possible, that the Brittain arthrodesis will be given further trial.

Certainl}’- a procedure of this type offers some hope of our being able to preserve the length

and contour of the extremity (Figs. 8-B and 10-B). Since these patients now have active

use of their extremities, it seems reasonable to assume that severe secondary changes in

the extremities can be prevented. (Compare with Figures 1-E, 2-G, and 4-A.)

An attempt has been made to rationalize early treatment of tuberculosis of the hip

from the knowledge derived in this study, which has extended over a period of several

years. The young child with a tuberculous hip is immobilized in a plaster spica for a period

of six months, during which time an attempt is made to improve his condition as much as

possible by adequate diet, rich in milk and vitamins, and by general supportive care. If

the general condition is suitable at the end of six months, a Brittain type of arthrodesis is

attempted or, if this is not applicable, some other extra-articular type of fixation is done.

The patient is again immobilized in a plaster spica for from six to twelve months, depend-
ing upon the degree of union of the graft, during which time adequate general care is

maintained. Immobilization is then discontinued, and the patient is allowed to become
ambulatory with the aid of crutches, and is permitted to use the hip and extremity in-

creasingljL Even if the arthrodesis fails, active use of the extremity is allowed at this time,

in order to ensure against damage to epiphyseal structures by prolonged fixation. A second
attempt at arthrodesis is postponed until a later date, and use of the extremit}'- is per-

mitted and encouraged during the interval.

In those instances where the patient’s condition is not considered suitable for surgery,

plaster fixation is maintained for six months in order to allow the acute phase of the process
to subside, after which active use of the extremity is permitted and weight-bearing is

instituted, if possible. In some instances, deformities at the hip will follow, but these can
be corrected more easily than the deformities occurring in the extremitj'^ as a whole, as the
result of prolonged fixation and inactivity.
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become less distinct and in severe cases ma}^ disappear entirelj* as a displacement in tl

'

same direction takes the pedicles away from roentgenographic view.

The second element in rotation, that of structural distortion of the vaiioiis paIt^of,l!

individual vertebra, involves particulaid3’- the posterior arch. Figuie 2 depicts a verfelir

taken from the middle of a mild cuiwature A salient feature of this distortion is atioplu

of the pedicle on the side of the concaAutv. If the vertebrae are considered in i elation to

Fig 11-A Fig 11-B

Fig 11-A Case 7. B W
,
a gnl, aged fouiteen. Mild wedging and modeiate rotation

Fig 11-B Impiovenient in lateial deviation, but
lotation is unaffected Xote that collective pad on
light IS too lo«

Fig. 12-B
hiG. Ei-A

. jieforniit.'

Fig 12-A : Case 8 T. C ,
a girl, aged thirteen E\ti erne v edging, rotation, an n

Fig. 12-B ; Slight improvement in lateral derdation and rotation

^ nTxT '
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graft. The second patient, in whom arthrodesis was performed at the age of four years, sliows definite early

extension of the tuberculous process into the graft. It is now seven months since the operation, and the out-

come cannot be definitely determined at this time. These cases only i-e-emphasize the difficulties that Dr.

jMcCarroll has outlined.

Dh. Joseph S. Baur, Boston, Massachusetts: Wc have heard two excellent papers on the operative

technique of fusion of the hip in childhood, when that joint is involved in a tuberculous process.

It is most important to consider not only the operative technique that should be employed, but also the

best time for operation. In my opinion, too early operative interference does more to jeopardize a good oper-

ative result than do variations in technique.

In the acute or evolutionary phase of the disease process, there is slowly increasing destruction of the

joint and adjacent bony structures, as shown bj' repeated roentgenographic examinations. Abscess forma-

tion occurs in about 50 per cent, of the cases, and in certain of these, draining sinuses develop. The general

condition of the child reflects this situation, since he does not gain weight satisfactorily, muscle spasm is

present about the hip, and blood studies usually show an increased monocyte-lymphocyte ratio. In other

words, during this evolutionary phase, there is neither satisfactory local nor general resistance to the disease.

Any attempt at fusion during this phase is doomed to a high risk of failure, for the active tuberculous process

can destroy bone grafts about the hip joint as easily as it destroys the hip itself. During this phase of the

disease, the treatment is, as H. O. Thomas said many j'ears ago, “Rest, uninterrupted, continuous, and pro-

longed”. The duration of this period of conservative treatment varies widely,—in some cases, a few months;

in others, several years. When muscle spasm has subsided, when the child is in good general condition, when
abscesses have regressed, and when repeated roentgenograms show no increased bone destruction, then we
can safely operate with the expectation of obtaining solid fusion in about 70 per cent, of the cases at the first

operation, and with the knowledge that we can increase that proportion of successful results to about 90 per

cent, by several rather minor operations for the repair of pseudarthrosis in the bone graft.

I am in favor of a properly timed operation on the hip joint itself. The ischiofemoral arthrodesis has not

been proved to yield better results.

Dr. Gerald G. Gill, Oakland, California: Dr. McCarroll is to be commended for re-emphasizing the

occurrence of premature closure of the epiphyses about the knee in connection nith tuberculosis of the hip in

children. This is a serious, although not well-known, complication of this disease. In 1944, 1 reported fifteen

cases of this condition. In every case, there was extreme decalcification of the bones of the affected extremity.

This decalcification must be due to the long-continued inflammatory process in the hip and to disuse, conse-

quent upon the long period of immobilization. Decalcification to this degree must radically change the physi-

cal structure of a cartilage plate, and make it more susceptible to trauma.

It is my belief that in decalcified bone, the cartilage plate probably exists as a fragile curtain between the
two relatively fluid media. In addition, the decalcified bone is soft and bends easily. This bending may cause
sufficient changes in the intramedullary pressure to rupture either the cartilage plate or the small blood
vessels going into it. These changes will occur in the region of the greatest stretch, at or near its center. In
three of the cases reported, there was diaphyseal fracture, followed by arrest of growth at both centers about
the knee. The closure of both centers following the fracture of one bone indicates that trauma, not fracture, is

the inciting cause of the arrest of growth. Therefore, unless it is found to be absolutely necessary, long periods
of immobilization in the spica casts, prior to surgery, should be avoided before the cessation of growth, and
arthrodesis should be performed as early as the patient’s general condition permits. During the arthrodesis
operation, ‘at subsequent osteotomies, and during each change of cast, the limb should be handled with e.x-

treme care, particularly if the limb shows tenderness.

It is interesting to note that many years ago, Dr. Hibbs began to treat tuberculosis of the hip by early
fusion, early weight-bearing in a walking cast, and early mobilization. Ten of the cases of premature closure,

originally reported by me in 1944, ivere found frorri an analysis of 150 cases of tuberculosis of the hip in
children, treated at the New York Orthopaedic Dispensary and Hospital. That such a small number of these
complications occurred in such a large number of cases would seem to suggest that this is the treatment of
choice.

The early recognition of premature closure is also of extreme importance, since it will allow early institu-
tion of those procedures necessary to prevent great inequality in length from the unopposed growth of the
normal leg. • J-

For this reason, I believe that, in every case of tuberculosis of the hip in children, frequent measurements
of the long bones should be made by the use of scanograms. In those instances where it appears that there is
extreme decalcification, markers should be placed in the shafts of each of the long bones and new scanograms
should be taken at six-month intervals, so that the growth from each center may be accurately measured.
This permits early decision as to the proper procedures necessary to give equalized length to the legs, satis-
factory bodily proportions, and adequate final height.

VOL, 29. XO. 4, OCTODER 1947
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Fig. 14-A
Fig. 14-A: Case 10. G. G.

Another example of idiopath
early age.

a bo3-, aged five,
ic seoliosis at an

Fig 14-B: Good conection, but
still «evere.

lotation is

Fig. i4-B

of the Thonias^filrT^n^
sciett piessure pads (Fig. 3) are attached to the horizontal bais

curvature Tv-n ntl
^

r
chest wall, opposite the point of ma.ximimi

other asainst the
opposite side,—one against the pelvis and the

Counteroressiire
upper extremity of the curve, usually near the avilla

"1 us pi event the production or accentuation of secondary curves.

PROCEDURE

accustnmpd^+n”+
the frame for three or four days, in order that he may become

head enmm
extensions are then applied to the legs, and weight traction to the

twodnv^tb
" it 1 about ten.pounds. The head of the bed is raised two feet. After

The '

^ applied and are brought to bear gentl}'- on the trunk (Fig. !)•

nhnnt
^ increased by about one pound daily, and, although a maximum of

: f .\i
' ^ pounds for the 3munger patients and thirt5’' pounds for the older patient'

nf ivoiVi f
^ patient is the governing factor in determining the amount

fh
^ scievs are tightened twice dai]3^ The amount of pressure e.verted Iw

p^
s is a ma tei foi judgment, but it should never be sufficient to produce discomfort

taken eveiy two weeks while the correcting forces are in operation.

suffice.s^^

simple. Release of the screws and weights once daity for skin toilet

RESULTS

Fifteen cases of idiopathic scoliosis haxm been treated by this method, and tlie iC'Ult'-

are shown m the form of paired roentgenograms, taken before and after correction Of

these fifteen patients, three benefited little from the treatment for one or the otlier of the

follov ing reasons :

1. In one (Figs. 1 i-A and 17-B) the curve was too high in the thoracic region. A pad

could not be applied opposite the point of maximum curvature, anrl counterpre.''Ure
«*

impracticable.

P' *
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IDIOPATHIC SCOLIOSIS

A Method of Correction *

BY GORONWY E. THOMAS, M.CH. (ORTH.), F.R.C.S, (eDIN.), LIVERPOOL, ENGLAND

Idiopathic scoliosis is a most discouraging condition to treat. Its etiology is so vague

and its course so variable that the prognosis in any given case becomes difficult or im-

possible to determine. In possibly the majorit3'- of patients, the degree of deformity will be

limited by a spontaneous arrest of the process. In others, the curvature will increase during

the period of growth and will produce not only intractable deformity, but also a deteriora-

tion in general health.

It can be assumed, therefore, that any patient allowed to go untreated may become

worse, and that efforts should be directed toward preventing an increase in the deformity

and toward correcting, as far as possible, the condition which is already present.

DISADVANTAGES OF PRESENT METHODS

Man}"- methods and devices have been suggested for the correction of the deformity.

Since most of these have failed, there is as yet no satisfactoiy method of treatment. The
application of the commonlj’- emploj^d corrective plaster jackets tends to be exhausting

to the patient and laborious for the surgeon. Moreover, the results, even after long periods,

are too uncertain a reward for the labor and endurance involved. Treatment by turnbuckle

jackets, a method revived in the last few imars, has the added disadvantage of tending to

produce or to accentuate a secondaiy curvature. In attempting to correct the deformity,

the disproportion between the effort involved and the response obtained has formed the

basis of the statement once made that “the ti'eatment of scoliosis is a perpetual lesson in

humility”.

It was in an attempt to reduce this disproportion that the method here described was
developed. In this presentation, the author will confine himself strictly to the correction of

idiopathic scoliosis in children. The equally difficult problem of maintaining the correction

does not enter into the province of the present paper.

THE IMPORTANCE OF THE ROTATIONAL ELEMENT IN THE DEFORMITY'

The deformity is complex, consisting of a lateral deviation of the spine with rotation

of the vertebrae. Opinion is still divided on the questions of whether the lateral deYdatioh
or the rotation is the initial deformity, and whether these two changes may be independent
of each other or the natural concomitants of some underljdng cause. However, it is gen-
erall}’^ assumed that rotation is secondary to lateral deviation. The latter element is alwa3'-s

accompanied b3'- some rotation except in the very mildest grades
;
while in the more severe

curvatures, rotation is pronounced. Moreover, in some instances, notably the so-called

“razor backs”, rotation is the main element in the deformit3’-.

No constant ratio exists between these two components, but the rotational defect is

the more resistant to correction. In fact, it is doubtful whether derotation can be effected
m an3f but the mildest curvatures, and this fact is borne out in the results in the cases to
be described.

Resistance to correction is due mainl3’- to structural changes in the vertebrae,

—

changes indicated b3’- the appearance of wedging of the Ymrtebral bodies, as seen in the
anteroposterior roentgenograms (Fig. 1 ). On purel3'- mechanical grounds, this wedging may
explain the resistance to correction of the lateral deYuation, but it does not e.xplain the

* B.ased on a paper read at the Annual Meeting of The British Orthopaedic A-s.^ociation, O.vford Enc-
land, January 3, 1941.

- . b
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of the

In the other two (Figs. 18-A 18 R iq ^

curvature 'vo„|d „ot allow fuli cor.4ctim.’
“ *'» «u>t the..

r
J'lG. 17-B

practicable.
^ countcjpressurc is not

Fig. IS-A

turafchSites^“"‘'
fourteen. An extreme tj-pe of Xforllty with severe -tnir-

Fig. IS-B: in spite of this, an appreciable amount of correction has been obtained.
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Fig. 5-A Fig. 5-B
Fig. 5-A; Case 1. E. ]\L B., a gi; J,

aged Ureive. Moderate wedging and rotation.
Fig. 5-B: After conection, wedging is more obvious and derotation has occuried.

Fig. 6-A Fig. 6-B

^ fourteen. Mild degree of wedging, but severe rotation.
I'lg. b-B; Roentgenogram, taken after corrective forces have been removed, shows improvenient

01 lateial deviation, but only slight improvenient of rotation.



OSTEOID OSTEOMA

Review of the Liter.vtuke axd Report op Thirty Cases *

BY AIARY S. SHERMAX, CHICAGO, ILLIXOIS

From the Universili/ of Chicago, Department of Surgcnj,

Division of Orthopaedic Surgery, Chicago

Although instances of osteoid osteoma had been reported under other names before

Jaffe’s original paper, the lesion had not been generally recognized.

Probably the first description of the pathological picture of this disorder was maile Iw

Bergstrand, who, in 1930, reported tivo cases,—one in a metatarsal, and one in the phalanx

of a finger. Clinicallj'-, both were thought to be osteogenic sarcoma. The metatarsal \va'<

resected, and the finger was amputated. The detailed clinical data and the excellent

photomicrographs leaxm no doubt as to the identit}'' of the lesions. Bergstrand interpreted

them as rare benign osteoblastic lesions and, because he thought them neither neoplastic

nor inflammatory in nature, he attributed them to embryonal rests.

In 1934, Milch described this lesion and recognized the similarit}’^ of his cases to those

of Bergstrand. .He concluded that he was dealing with a benign osteoblastic tumor, fonniim

osteoid tissue, and recommended surgical excision.

The lesion received little attention, however, until 1935, when Jaffe published an

account of Milch’s three cases and also of two more, with a careful analysis ot tlicir

individual clinical and pathological characteristics. To Jaffe is due the credit for c.stjih-

lishing this lesion as a distinct entity. Marziani’s paper, in 1936, presented one more ca«e,

Rinonapoli added three cases in a report in 1937. In 1938, seven cases were reported l>y

^londolfo, who interpreted them as chronic osteomyelitis. By 1940, Jaffe and Lichtenstein

had added twenty-eight more cases. Since then reports of manj'’ cases have been pnh-

lished * - "• ^2. 13. 14, 18, 22. 23, 24, 27, 29, 30, 32, .34, 35, 36, 37, 39, 4o_ 'pj.jg comprelicnsi VC rcjwrt

was made by'’ Jaffe in 1945, when he presented his total of sixty-two cases and gave a gen

eral review of the subject, including a restatement of the argument as to whethci nr

not the osteoid osteoma is a separate lesion.

As one would expect, in the older literature, reports of osteoid osteomata |ue I>'<

sented as examples of other lesions. In 1929, Phemister described under the term chionic

fibrous osteomyelitis” several cases, among which can be distinguished one that is iiniiiic-^

tionably an osteoid osteoma. Two more instances of this lesion were reported by

in 1932, as Streptococcus viridans osteomyelitis. All three of these cases are

present series. In 1935, Zanoli described a case which he considered to represent an

plete repair of a post-traumatic aseptic necrosis. From the excellent illustiation.

.

easily^ identified as an osteoid osteoma of the capitate.
t? . . II miJ

In addition, there are sexmral reports, such as those of Heine, Hitziot,
‘"I'

*

Llort, Thoma. and IVeeden and Oliva, which are suggestiA'’e of osteoid osteoma, m

do not include sufficient data to permit definite diagnoses.

CLINICAL PICTURE
^

The clinical features of osteoid osteoma are by’’ now well known. The di.sordc^

^

more common in the male. Of 127 cases in which the sex was reported, ifig i >

males; of the thirty^ additional patients here reported, twenty’’ are male.'?, 'w
iiPgro ' •

males to females is greater than two to one. Only one case has been repor ec n
^

It has been said by Jaffe that the lesion has a predilection foi ac o e.-?cen

" This work was aided by a grant from the Douglas Smith Foundation.
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the shadows on the convox side of the dol’ormily will be tlisphieed medially away from the

lateral borders of the bodies on that, side (l''ig. 1, A), while those on the concave side will

Fig. 9-A

Fig. 9-B

Fig. 9-A: Case 5. N. R., a girl, aged ten.

Moderate wedging and severe rotation.

Fig. 9-B: Lateral deviation is much im-
proved, but rotation remains the same.

Fig. 10-A ± a \j~u

Fig. lO-A: Case 6. H. S., a gii-l. aged thirteen. Severe wedging and rotation.
Fig. 10-B: Rotation unaffected, although lateral deviation has improved.

roi,. 29. xo. 4. OCTOBER 1947
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TABLE II

Locatiox of Lesion'

Bone Cases in the Present Scric-' lot l'

Literatme

Tibia 33 4 oT

Femur 24 7 31

Astragalus 12 1 ir

Vertebrae 11 4 b
Humerus 9 1 10

Fibula 7 i

Toes 6 0
XJ 0

Fingeis .5 4 0

Os calcis 4 !

Radius 3 1 1

Ulna 3 3

Carpal navicular 3 .3

Ilium 2 1 .3

Patella 1 1

Pubi- 1 1

Taisal naviciilai 1 1

Hamate 1 1

Capitate 1 1

Ankle 1 I

Rib 1 I

Totals . 128 30 l.)S

piesent series conespond well with those given in the literature. The only notcwoitlij

e.vception is that almost 25 per cent of the lesions of our series were lesions of the spine

which weie as numerous as those in any other category,—probably because of ourgIoup^

special interest in this particular disorder. A separate paper on these cases is being puli-

lished elsewhere In any given bone, the lesion may be entnelj'' in cancellous bone

beneath or m the cortex, or even in subperiosteal tissue.

All the patients in this series sought medical advice because of pain. Their stones aio

remaikably similar. The pain, w^hich at first was rather vague, mild, and intcimitfcnt

gradual!}^ grew' in sei’-eiity and constancy and localized to a veiy small area Twentj-foc'

of the thirty patients volunteered the information that the pain w'as most seveie at nigi

and often prevented sleep or aw'akened them. Three patients had had symptoms for on }

two months; twenty-one for from six months to tw'o years; and the remaining six, foi mom

than tw’o XTars. One patient had had um-emitting pain for six jmars. When the

is in the spine, there maj^ be associated root pain and even symptoms of coid compm

sion
c - 1 ’ 1 c \1-

The chief physical finding is that of tenderness, which usualty can be definite}^

ized, even by the I'ery young patient, and w'hich may be exquisite. If the lepon

present long enough, there is usually palpable thickening of the bone. Lesions in

with little soft-tissue covering maj’" be accompanied by sw'elling, but this

warm and never red. If the site of the lesion is near a joint, motion of that join is

limited and painful. Occasionally there is increased fluid in the joint, and the m

be such as to simulate a primarj’- arthritis^®. Involvement of the lower extremi

produces a limp and atrophj^ of the muscles. In the spine, an osteoid
and

the signs of acute localized back pain, including muscle spasm, secondarr sco

pehde tilt.

There are no sj'stemic complaints or findings. The patients are

normal blood counts.

afebrile and h-"'
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Fig. 13-A

Fig. 13-A: Case 9. J. K., a gill, aged six.

Even at this earlj’ age it was not possible to

achieve full correction.

Fig. 13-B: The lateral deviation is im-
proved, but rotation, which was severe, is

onl}’ slightly reduced. Fin. 13-B

one another, it will be seen that the articular facets on the concave side are thrown out of

alignment with those on the convex side, with consequent locking of the vertebrae in their

rotated position.

T\Tiile realizing that contracture of soft parts is a factor preventing correction, the

VTiter believes that the most formidable obstacle consists in these complex twists of the

arch. These changes are not fully revealed roentgenographically, and we have no means
of measuring their extent, but wedging of the centra is to be regarded as an indication of

their presence.

On examination of the patient, rotation is generally less apparent than lateral devia-
tion, and fortunately the latter component can be reduced greatl}'’ b3

'' treatment.

METHOD OF CORRECTION

The method to be described consists in a combination of recumbencj’', traction, and

j

lateral pressure.

1. Recumbency: Since the upright postui’e favors the progress of the deformity,
recumbency is an important factor in its correction. The influence of gravitation is elimi-

I

nated bj-- placing the patient on a Thomas spinal frame, fitted with a head piece.

I

2. Traction in the Axis of the Spine: Although the usefulness of intermittent traction

I

during the application of plaster jackets in suspension has long been recognized, the value
of continuous traction in the treatment of scoliosis has been underestimated. Indeed
Lovett ^ believed that, when traction is exerted on the spine, the tension so produced
prevents lateral pressure from exerting anj”- corrective influence. The cases to be described
do not support this belief. Longitudinal traction is exerted on the spine by fixing the lower
extremities by extension strapping to the foot pieces of the frame, and by applying w'eight
traction to the head through a Sajwe halter.

^

3. Lateral Pressure: In order to exert lateral pressure, special appliances have been
evised, and with the emplojTOent of these the amount, direction, and site of the thrust

'’OL: 29, NO. 4. OCTOBER 1947



922 M. S. SBERMAN

Sections of the material i'emoved at operation showed a -v'err immature lesion (Fi^. 2-B) 'I'he

fibrous-tissue stroma was extremely cellular, and there were great numbers of muKinuflcafed gim'
The osteoid tissue was prominent; but, instead of being deposited in irregular masses, it was jirninj

Fig. 2-G

Photomicrograph (X 2Q0). Nearer the peripherj”, there is calcification of some of the Iralx^culs



ml
Fig. Jo-A

Fig. 15'A: Caoe 11. P. X., a bo3', aged si'c. A
fair!}’ acute cuive in the uppei thoracic region,

with severe wedging of the fifth thoracic
vertebra.

Fig. 15-B; Good correction of lateral devia-
tion, but rotation is still pie.«ent. Fig. 15-B

Fig. 16-A Fig. 16-B
Fig. 16-A: Case 12. J. C., a girl, aged eight. A sharp thoracolumbar curve with severe rotation.
Fig. 16-B; Roentgenogram, taken without corrective foices acting, shows good conection, but

lotation is still severe.

VOL. 29, xo. 4 , OCTOBER
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Fig. 19-A Fig. 19-B

Fig. 19-A: Case 15. M. C., a girl, aged thirteen. This case was unsuitable for method, because
curve is too seVere.

. Fig. 19-B : Slight amount of correction has been obtained.

It is also obvious that a lumbar curve is not amenable to this form of treatment,

because of the absence of any structures through which pressure can be applied effectively.

Progress: It was interesting to observe that in every case the maximum correction

obtainable was secured within eight weeks, and that no matter how much the forces were

increased, or how long they were in operation after this period, no further improvement
could be obtained.

Complications: In the fifteen patients treated, there were complications of a minor
character in but two. In one a sore developed under a pressure pad, and healing ensued
after complete release of pressure for three weeks. Following this, pressure was re-applied

more gradually. In the other patient, a slight palsy of one arm was relieved by release of

the pressure, which was later re-applied at a slightly lower level. There were no complica-
tions due to traction by the Sayre halter.

SUMMARY

The results from this method of correction of idiopathic scoliosis show vei'y encour-
aging improvement over those obtained by other methods.

From the study of these patients, the writer has not been able to draw any conclusions
as to why some cases of curvature are more amenable to correction than others of the
same apparent severity, at the same age.

Rotation was a prominent feature in all, but the amount of lateral correction obtained
did not appear to bear any constant relationship to it. This rotation was corrected in only
two cases (Figs. 5-B and 8-B)

;
in all the others, it persisted or even increased.

1. Lovett, R. W.: Lateral Curvature of the Spine and Round Shoulders. Philadelphia, P. BlakLston’s Son
and Co., 1907.
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Fig 6-A Fig- 6-B

Fis: 6-\ Caj'e 5 Roentgeaogiam shows radiolucent center in anterior part

'lie tibu It )' sun ounded bv dense sclerosis, and there is considerable tmckening 01

genogiam ha- betn rever-ed ) ,, , , a Snmp hvpcr-
rig b-B In tin- photonucrogiaph (X 12) there are three separate well-develope

t ropliK regional bone i> \nsible, but most of the peripheral material is dust, produced j

drill.

C\-e 3 R H ,
aneight'yeai-oldboy,ptesentedbimselfmXovember 1944,becaupofpainin

tlif

This pam iia- -aid to have begun two months before, immediatel}' following a siv oo a

patient landed on out-ti etched hands The pam was acute and was localized over t le oner

radius. It wa- alnays uoi-e at night, and kept the bo5' from sleeping.
i • i - niarkedb si\o!!>n

Physical exaimnation disclosed no abnoi malities except in the left naist, a nc i

railin') and •'>

and warm to the touch Theie 'las exquisite point tenderness over the distal portion
l.xbor.itiiO'

much pain on motion that the patient carried his left forearm cradled in us rig i •

procedures, including a skin tuberculm test, yielded normal lesults.
Intend a-pi' *

Roentgenograms i ei ealed mai ked sclerosis with subperiosteal nev -bone orma ion
^

_

of the radius, just above the di-tal epiphj'sis (Fig. 4-A). In the center of t us mass w

ciCvised density. There u a- also the shadow of periosteal new bone on t hacen
(.enter emd 1 ‘

''

At operation, the affected legion was readily identified bt' the gross t iic 'em
.

(„„j thi re
'

be seen. Therefore, the entiie -cleiotic area was excised. The wound J»ea ec

^ ^
p_.jr l ucr.

"1 ‘

immediate relief of symptom- The swelling decreased slowR, but vas s i i

the patient was asymptomatic
,

. „ charactcridi'
ti

Xo nidus could be found gros-ly among the pieces
tissue was pre-enf. .'lad

appeared on the sections (Fig. 4-B). The usual background of
,U.ich verc coin;/

•

were a smaU number of giant cells. In this tissue were
‘

centem oVthc tr.ibeculac.

mostly of osteoio tissue Here and there weie msps of bone m
^

.

Case 4. C.T., an eight-year-old girl, was seen in March 1940, complaming of pa
'
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TAHLIO I

AfJE iNriDENPE

Age Rci)orted Cases Present Series Total

(Tforsl

8 1 9

6-10 9 9 18

11-15 30 8 38

16-20 35 5 40

21-25 24 2 26

26-30 14 2 16

31-35 3 2 5

Over 35 2 1 3

Not stated 3 3

Totals 128 30 158

adults. Indeed, over half of the patients alreadj'^ reported are between ten and twent}^

j^ears old. As maj" be seen in Table I, the age incidence in the present series is slightly dif-

ferent, with over half of the patients between the ages of five and fifteen years. The young-

est patient in our series was three years old and the eldest was fift5''-one.

In Table II, the locations of the previously reported lesions are compared with those

of the present series. It will be seen that, in general, the locations of the lesions in the

Fig. 1-A Fig. 1-B

Fig. 1-A: Initial roentgenograms of the left tibia, showing a denseR^ sclerotic area with an oval
radioluccnt center.

Fig. 1-B: Roentgenograms twenty-four years later, showing persistence of sclerosis, but no demon-
strable nidus.
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Sections showed a picture that was characteristic, but slightly unusual (Fig. 6-B). In one end of (he
block, there were three distinct rounded centers, separated from each other by fibrous tissue and normal Iwne
Each focus had a central portion, composed of vascular fibrous tissue with many giant cells (Fig. 0-C) and
surrounded by a wide ring of masses of osteoid tissue. Here and there rrithin the osteoid tissue were tiiiv

fragments of irregular new bone. At the peripher3', regional h3’pertropluc bone ndth moderatclv fibroii-

marrow was present, and be3'ond this was completeh' normal bone.

DISCUSSIOX

The etiology of these lesions is still unsettle(i and is the subject of much debate. [Most

authors who have studied actual examples of osteoid osteoma are in agreement with Jaffe

that it is a distinct entit3^ There exists, however, no such agreement as to whether or not

the lesion is a benign neoplasm, as Jaffe contends.

Previous trauma is frequentlj'- mentioned as a possible predisposing factor, as it is

with almost any skeletal lesion. Among our thirty patients were three with a history of

se\'ere trauma to the hand or wist, who stated that symptoms had begun immediately

and had not subsided until operation. Of these patients, two had lesions in the phalanges

of the fingers and one in the distal portion of the radius. Fi3’-e other patients gave a vague

history of injury at varying time intervals preceding the onset of trouble. Twenty-one

patients stated specifically that there had been no trauma. In view of the known propensity

of patients to relate all skeletal disorders to some type of injury, and in view of tire small

number of such histories related to osteoid osteomata, it seems safe to disregard trauma

as of etiological significance.

The only authors who have denied categoricallj’’ the existence of osteoid osteoma ai'c

Brown and (Ihormley. The}" reported a series of twenty-four cases which they considered

to be examples of the condition described by'- Jaffe. Fourteen of their patients were oper-

ated upon, and pathological e.xamination of the material removed from ten patients

showed “chronic inflammatory tissue”. The photomicrographs presented certainly sub-

stantiate this diagnosis, and do not resemble the picture of an osteoid osteoma. In trro

ca.-;es, Staphiilococcus aureus was cultured, and in two, a micrococcus. Quite correctly tlic

author-s consider-ed these to be cases of bone abscess. Their reasons for maintaining that

osteoid osteomata are all identical solitary chronic bone abscesses are, however*, not \ci.\

clear.

In a paper published in 1942, Brailsford presented several cases with roentgenograms

which ar'c compatible with diagnoses of osteoid osteoma. From three of the patients v 'o

underwent sur-gery, ^staphylococcus albus was cultured. Because of this and the roentgeno

gr’ams. Brmilsfor’d called these lesions chronic subperiosteal abscesses. He then mac c a

general statement that the pathological changes were like those described by Jaffe, row

e3’er, there ar-e not enough data in Brailsford’s paper to establish the similarity.

of the findings in these cases, Brailsford assumed that all osteoid osteomata are a t ts rnc

tive variation of an infectious process.
.

Actually, the weight of evidence is clearty against infection as the etiologica

in osteoid osteoma. The patients never have fever, leukocytosis, or other sy'-stemic rn

festations. IVlien swelling is present, it is only* occasionally warm, and there is no ret

The lesions are always solitary and never recur after complete excision; and a

tion the wounds invariably'- heal by first intention. The ferv positive cultures v lU >

been reported have usually' been of Staphylococcus albus or some

taminant. In our own series, cultures w'ere made in twenty-two instances,
^’alhie,

teen produced no growth. One each produced Streptococcus vindans, Slaphy ococci

and diphtheroids, all of which are considered to be contaminants. In e

pigs were inoculated, and none of these showed evidence of disease. In six a^ i lo
j.,

skin tuberculin tests were negative. Twenty'-four of the patients had nega n
^

mann or Kahn reactions. It is clear that the history, phy'sical findings, an co

patients are not consistent with an infectious pr-ocess.

THE JOCHNWI- or liON'K
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Roentgcnographic examination of a mature lesion reveals a characteristic picture.

The active nidus is usualb’’ a small round or oval area of reduced density. Often one can

see within it a small dense shadow, which represents ossification of the central portion.

About this nidus, a thick, dense shadow of sclerotic regional bone is almost always present.

If the lesion is at or in the cortex, the regional hypertrophy, especially along the periosteal

surface, is much greater. The circumference of the shaft may be so greatly increased, and

the bone may be so sclerotic, that the nidus is difficult to demonstrate by roentgenogram.

The response to the treatment of osteoid osteoma is most satisfactory, for immediate

and permanent relief of symptoms follows c.xcision of the nidus. It is not necessary to

remove all of the hypertrophic regional bone, which may gi-adually i-esorb, particularly in

children; but, if the nidus is not excised completely, persistence or recuri'ence of symptoms

is the rule.

Since only eight of 155 patients were older than thirty, one is justified in assuming

that the lesion may heal spontaneouslJ^

In this connection, the histoiy of a man who is not included in this series is of interest.

In 1916, when he was eighteen years old, he consulted Dr. D. B. Phemister because of pain,

tenderness, and swelling, which had been present in the lower portion of the left tibia for

one and one-half years. Roentgenograms (Fig. 1-A) showed a lesion which we would now

have no hesitancy in calling

an osteoid osteoma. Surgery

was refused by the patient.

Gradually the pain and ten-

derness decreased; and, by

1921, seven years after their

onset, the s3'^mptoms had dis-

appeared and did not return.

In 1940, twentj'’-four \'ears

after his initial visit, the pa-

tient was examined again.

Swelling was still present, but

there was neither pain nor

tenderness. Roentgenograms
(Fig. 1-B) showed persistent

sclerosis and thickening of

the cortex, but there was no
sign of the nidus. A similarly

suggestive case is included in

the report made by Moberg.
Most of the general characteristics are illustrated in the following tj'-pical case reports.

Case 1. E. G., a sixteen-j^ear-old girl, was firet seen in March 1944, complaining of pain in her right leg,

which had begun one year before. At first rruld, generalized, and intermittent, the pain had gradually become
mote severe and had centered in the knee and thigh. For two weeks before her admission, she had been unable
to walk and the pain had kept her awake at night. There was a vague history of a bruise on the right hip a
month before symptoms began. There had been no fever or infectious diseases.

Physical examination was norhaal except for pain in the hip with extremes of abduction and adduction,
and tenderness over the pubis, which could be elicited by rectal examination. The results of routine laboia-
tory examinations were all within normal limits.

Roentgenograms of the pelvis showed a radiolucent lesion at the juncture of the right pubis and ischium
(Fig. 2-A). There was relatively little sclerosis of the regional bone. The preoperative diagnosis was
enchondioma.

At operation, a bulging mass of hemorrhagic fibrous tissue, about 2.5 centimeters long, was removed;
and its bed was curetted. There was primary he.aling of the wound, and tissue cultures showed no growth.

The patient was immediately relieved of pain, and returned to normal activity as soon as the wound
had healed. Wlien last seen, four months later, she w'as still asimiptomatic.

Fig. 2-A

Case 1. Initial roentgenogram, showing a large radiolucent lesion

at the juncture of pubis and ischium. As yet, very little reaction of
surrounding bone is evident.
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woll'fol 1110(1, iiitcil.'iojii}; lijibcoiiJnc, Mobt of these showed no

(Mtuin nt iiU. h\U in si few pieces the tisibceuluc had bceome bone (Fig. 2-C).

^^’hllc (lii.s loMon was unqueslionably an osteoid osteoma, it

showed nnu'h more of a pal lorn than is usually the case.

Cvsi: 2. J. D , a si\feon-yoai-old male, was been in June 1910, coinphiitiing

of p.iiu in his light knee, which had begun siv inonthb iiefoie, witiiouf any pic-

ceding dlncbb or tiamna. The jiain was bevcie, conbtant, and pi evented sleep.

Physical c\aniiiiation icvcalcd a fnsifoim cniavgcnicnl of the light fcnioial

shaft and loealiyod Icndoiness on the medial side, just above the mid-shaft.

Laboi.itoiy examinations gave no unusual findings.

A locutgcnoguun showed a laigc fusiform mass of sclciotic new bone on the

medial side of the femoral shaft, extending fiom the Icssci tiochantci along the

coitexto the distal thiid of the fcimw (Fig. S-A). Beneath the mid-point of this

mass 'was a small area of lessor density, fi'liis aiea was found at opciation to be a

definite cavity, filled with bioiniish gianulations. The cavity was thoioughty

cleaned out, but no attempt was made to i eniove all tlie sun ounding hypei ti ojihic

bone Cultnrob made in the opeiating loom produced no giowth, and the wound

healed by first intention.

After the ojieiation, theic was immediate and com})lcte iclief of pain. Wlien

the patient was last seen, four yeais latci, he was still asymptomatic. A locnt-

genogram showed that the lemaining hypcitiophic new bone was unchanged.

Sections of the mateiial curetted fiom the cavity showed the center of the

nidus (Fig. 3-B). The fibious-tissue background had unusually large blood

spaces and relatively few giant cells. Ossification was faiily well advanced, with

numeious heavy tiabeculac picsent in an iiicgular pattern. Little osteoid tissue

was seen in this portion; but in the zone immediately surrounding it, osteoid

tissue was present in .amorphous masses.

' Fig. 3-A
Case 2 Roentgenogram of femur slioivs dense mass of h3'pertrophic bone on

medial aspect ot shaft. Beneath the center of the mass is a small radiolucent area

Fig. 3-B

Photomiciogiaph (X 96) shoivs vascular fibrous stroma with giant cells. The
center of this lesion is almost all irrcgulai bone («). Sun ounding it is a zone of

amorphous deposits of osteoid tissue (b). Fig. 3-A

lOl. 20 xo I. OCTOBER 1047
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resection of the degenerated cartilage as a means of preventing the development of do-

generative arthritis. This suggestion has not been videb" accepted. Erb, in 1933, reported a

ten-year follow-up of eighteen patients operated upon. He found that, although subjective

improvement was noted in all patients, the operation did not retard the further develoi)-

ment of degenerative arthritis. These results have been verified by other obseiu'ers -t

The present theory is that degeneration of the patellar cartilage can e.vist u-itli or

without trauma. A large number of pathological investigations have shown that degenera-

tive changes are frequently found in the knee; these changes increase Avith age. Heine, in

1926, reported his observations in the examination of 1,002 cadavera of patients who died

between the ages of fifteen and ninet3’’-five. He found that the greatest number of degen-

eratiA'e changes occurred in the knee joint. These changes occurred first in the patella and

subsequently reached their greatest development in this bone. In 49 per cent, of these

cases, the same degree of change Avas evident in both knees; in 35 per cent., the conclifion

Avas Avorse in the right knee; and in 16 per cent., the left knee shoAA'ed the greater damage.

No sex difference AA*as noted.

Of forty-four cadavera, LaAA’en found changes in the knees of tAvent^v-six. Thc.«e

changes Avere most pronounced on the cartilage surface of the patella, and in most of the

cases both patellae AA-ere inA'’oh'’ed. Silfverskiold found that, in 170 autopsies, 24 per cent,

of the individuals betAA^een fifteen and tAA’enty years of age had a mild degree of degenera-

tion of the patella.

0Avre inA^estigated 124 cadaA''era AA'ith presumably healthy knee joints. Although

there had been no complaints referable to the knee, he found degeneration of the patella

as folloAvs:

1 to 19 3'ears of age, 5 cases out of 18 (all over 14 years old)

20 to 29 j^ears of age, 27 cases out of 32

30 to 39 years of age, 24 cases out of 26

40 to 59 j'ears of age, 30 cases out of 32

60 to 80 j’^ears of age, all 16 cases

The degree of severity of inAmlvement increased AAuth age.

In 1942, Bennett, Waine, and Bauer reported their study. The purpose of then

inA'estigations Avas to familiarize themselves AA'ith the so-called normal knee joint at eac i

decade of life. They found that all joints obtained from individuals beyond the secon(

decade of life exhibited alterations similar to those observed in degenerath'e arthritis, aiu

the degree of degeneration in the indiA'idual specimen AA'as not proportional to the egree

of arteriosclerosis found in the peripheral vessels. They concluded that articulai carti age

remains normal for only a .short time folloAving complete maturation.

Heine, Keefer and his associates, and Silfverskiold found no relationship betAAcen

extent of degeneration and the occupation of the individual.

In the clinical inA'estigation of 640 patients, Hinricsson found that the

occurrence in different age groups AA'as about the same as that reported b}' A'anoiis

inA'estigators.
_ ,

Freund, in 1939, emphasized the belief that, under normal conditions,

requires friction and pressure to remain health^'; an}' A'ariation of these
(jcleteri-

aboA'e or beloAv the physiological optimum, if actiA'e oA'er a long period, avouk je
j-

ous to the joint cartilage. This had been preA'iousl}' shoAA'n ly Aliiller and enn)

(1924) in animal e.xperiments.
^ ;it

In 1944, Hirsch, after an intensiA'e study of patellae remoA’ed at autopa^*^^^,^^^^

operation, reported his observations on the plysical, histological, and chemica ^n

tions in chondromalacia of the patella. He found that normal cartilage cou

functionally to an increased pressure AA'ith almost complete recovei} o ^
,,n.i

proA'ided the pressure per unit area did not exceed the tensile strength o le c^a

was maintained for a short duration. HoAA'eA'er, if the pressure did not excce

THE JOURXAL OF BONE AN'D JOI-'-'T •
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in sixty-five arthrotomics performed for chronic knee complaints. In the same year. Cave.

Rowe, and Yee reported that, in 124 arthrotomies performed at an Army hospital, they

saw nine ca.^es in which the only cause for the symptoms was the degenerative lesion of the

patellar cartilage.

The youngest patient in whom chondromalacia of the patella has been diagnosed

clinically was a ten-year-old girl.— a case reported by Hinricsson. However, the youngest

jiatients in whom the diagnosis was verified at operation haA^e been thirteen years of age.

In the prcfiont study, the youngest patient Avas a thirteen-year-old girl with cercbrospastic

quadriplegia, whose patella was excised because of degenerative lesions of the articular

surface (Fig. 4).

.S’//c of the Patellar Lesiotis

The earliest detectable lesions are most frequentlj'^ located on the medial facet, less

frequently in the center, and occasionall5
’- on the lateral facet of the patella. In scA^ere cases,

the entire articular surface maj’’ be inA'olA'^ed.

This predilection of the disease for these different sites has been explained by Wiberg

on the basis of the peculiar anatomy of the patellofemoral joint. He made cross sections

and roentgenographic studies of knees at different angles of flexion. He AA'as able to shoAv

that, when the knee is flexed 20 to 50 degrees, the AA'hole of the lateral facet and only a

small part of the medial facet of the patella are in contact Avith the articular surface of the

femoral condyles, Avhereas the greatest stress is on the central longitudinal ridge. As the

flexion of the knee is increased, the pressure on the ridge diminishes, until at 90 degrees it

Fig. 2-A

Bessie M., aged forty-four. Advanced chondromalacia of the patella, with fibrillation r

ion of the superficial layer of the cartilage, and with undermining of the ulcorateo ar

and fr.urm^

VRSAi. or Boxr: ano joint
c.v
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Fig. 6-C

_
Case 5. Higher-power photomicrograph (X 52) of the middle nidus. The core of vascular fibi'ous

tissue contaiiung giant cells is surrounded by a wide zone of osteoid tissue. Irregular calcification is

seen in this ring and also at the peripherj'.

of the left thigh and knee of eight months’ duration. There was no preceding incident of disease or trauma.
The pain was never completely absent, had grown steadily woi'se, and was most severe at night, when it

prevented sleeping.

Physical examination disclosed tenderness in the subtrochanteric region of the left femur. Internal rota-

tion of the left hip was limited; atrophy of the thigh muscles was present; and the patient walked with a
definite limp. Laboratory tests produced results which were all within normal limits.

The roentgenogram revealed a definite sclerotic lesion in the center of the greater trochanter (Fig. 5-A).
It was round and quite well demarcated from the surrounding bone. In the middle was a tiny area of in-

creased density. There was relatively little hypertrophy of the surrounding bone.
Operation showed a small pocket in the ossification center of the greater trochanter, from which grajush

fibrous material was easib”^ curetted. The incision healed by first intention, and there was no growth in the
cultures made in the operating room. Thepatient was at once relieved of her complaints, and is still asympto-
matic six years later.

Sections of the material taken from the cavity showed the typical structure (Fig. 5-B). The fibrous-
tissue stroma was quite dense; it contained many large capillaries and a great many multinucleated giant
cells. Osteoid tissue was present, but it was not predominant. Ossification was well advanced, and there were
numerous, fairly heavy, irregular trabeculae of immature bone.

This case is remarkable in that the lesion was in an epiphj'^sis.

Case 5. J. W., a three-year-old boy, had had pain in his left leg for two months before he was seen in
August 1946. After one month, a lump had appeared on the upper portion of the tibia, and soon this had
ecomo tender. Three weeks before his admission, he began to limp and to waken at night, crying with pain.

There was no history of trauma or infection.

Physical examination revealed a firm tender swelling over the upper portion of the left tibia. This area
uas definitely warm, but not red. The patient walked with a limp, and there was atrophy of the left thigh
muscles. Laboratory examinations produced normal results.

The roentgenogram showed a long oval area of decreased density in the anterolateral portion of the
upper left tibia (Fig. 6-A). The anterior cortex was expanded, and there was a narrow shell of sclerotic bone
surrounding the whole lesion.

At operation, the site of the lesion was clearly marked by roughened periosteal new bone. Total excision
nas performed with a motor drill. The wound healed without incident, and cultures of the bone produced no
growth. Ihe patient was immediately relieved of pain and has remained so.

voi, 29, ,vo. ocTonnn lorr
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If additional proof were needed, it is certainly amply furnished by the constancy of

the distinctive pathological findings. In no case has evidence of either acute or chronic

infection been found. The lesions are always sharply demarcated from the surrounding

hj’^pertrophied regional bone. The bone immediately surrounding the nidus might possibly

be confused with the bone adjacent to an abscess, because the spaces are filled with

fibrous marrow which often contains scattered foci of round cells. This picture does not

indicate infection, since it is seen in the reactive zone about manj'- different types of

lesions. It is also to be noted that the typical tissue of an osteoid osteoma has never been

seen in conjunction with a proved abscess, even in those relatively indolent small abscesses

which sometimes occur in patients with multiple foci. Osteoid osteomata are always

composed of the same few elements: a background of vascular fibrous stroma containing

multinucleated giant cells, and osteoid tissue Avhich is irregularly calcified. The lesions

differ from one another only in the pattern in which these components are arranged. They

are not related to the activity of the hematopoietic tissue, for they occur with no apparent

selectivity in fatty and in active marrow, in the cortex, and even just beneath the peri-

osteum. To date no one has found an osteoid osteoma in the scapula, clavicle, or cranium.

Case 4 of this report is the only one in which the lesion was located in an epiph3''seal

ossification center.

Osteoid osteomata, unlike other benign tumors, are never larger than a centimeter

or so in diameter. Once thej'' have reached a mature state they do not grow, although the

hj^pertrophied regional bone may increase to form a large mass. Furthermore, it is not

only unusual for benign tumors to be painful, but the pain of osteoid osteomata is out of

proportion to their small size.

Nevertheless, in consideration of all the facts, we agree with Jaffe that the osteoid

osteoma is not of infectious origin, but is probably best interpreted as a benign tumor.
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is progressively reduced. The subchondral bone shows no conspicuous changes until the

overlying articular cartilage has become mai'lcedh’- altered. When the erosion e.Ktcncls for a

considerable distance into the hyaline matrix, the marrow of the subchondral bone re-

spond': with various degrees of fibrous proliferation; fibrous tongues often extend tlirouch

the zone of calcification. In close proximity to this newly formed fibrous tissue, there

may be found cartilage and bone. Occasionally, an isolated mass of cartilage will be found

in the marrow spaces of the subchondral bone.

Clinical Symptomatology

The patient with chondromalacia of the patella usually has a history of chronic knee

discomfort of varying degi'ees of severity. The usual complaint is of pain, frequently ac-

companied by weakness and a tendency of the knee to buckle. This is noted especially

when climbing a hill or walking up and down stairs. Often there will be difficulty in fully

extending the knee. Repeated momentary:^ locking of the knee may'- be present. This is not a

true locking. The patient experiences severe pain of a few seconds’ duration, •\vhich may

pass away entirely' or may' be followed by' an effusion into the joint. Actual locking may

occur, and it is caused by' free bodies which have broken loose from the surface of the

patella. Frequently, the knee aches, especially' after sitting for some time in one position

or with the legs crossed. Occasionally' the patient will complain that the knee is stiff on

arising in the morning and limbers up only' after walking.

Ci'epitation of the patella has been emphasized as the most characteristic sign of this

disease. Aleman stated that the location of the crepitation under the patella is path-

ognomonic. Karlson believed that an experienced examiner can make a diagnosis of

chondromalacia of the patella on the basis of the location, hardness, coarseness, and

quantity of the crepitation. The crepitation can be elicited with the patient supine, by

extending the knee from a flexed position. Sometimes, in order to bring out the crepitation,

it will be necessary' to have the patient stand up and bend the knee, while the examiner

I

keeps his fingers on the patella. The crepitation has been described as varying from a

single click or a soft velvet-like sensation of roughness, to a creaking, crunching, grat-

ing sound, which can be heard at a distance of several feet. However, CJwrc ha''

been able to demonstrate that degeneration of the patellar cartilage can exist in the ab-

sence of crepitation. According to him, crepitation indicates cartilage degeneration, but tlie

absence of crepitation does not rule it out. Fluid in the knee might separate the contacting

surfaces.

Pressure pain over the patella is often present. This is elicited either by' pressure on

the patella with the knee in flexion of 45 degrees or, in the extended and relaxed knee, n

pressing the patella against the medial femoral condy'le. This pain has been described as a

dull, disagi'eeable, aching pain, which is comparable to a toothache.

Frequently the sy'novial membrane is thickened and tender, especially' o\e! a-*

medial border of the patella and over the plicae alares. ..

Other sy'niptoms that may' occur ai'e effusion into the joint, swelling of the subpatc

fatty' tissue, and atrophy of the quadriceps. ,

.

Aspiration of the knee effusion will usually' show a clear fluid; seldom will it be c

There is no eA'idence of infection, and occasionally' pieces of cartilage will be foun m

Roentgenograms are of almost no help in making the diagnosis in the ear y - '

The evidence of osteophy'te formation will verify' the presence of degeneration^^o^^

articular cartilage; but, in a large number of cases, even the osteophy'tes do not

j
on the roentgenograms. Haglund described an indentation of the patellar carti

he attributed to contusion of the articular surface. Lawen and others ha^e )ecn a

show that this indentation is a frequent finding and has no relationship to trauma

chondromalacia of the patella.

the journal of bontc AXn •



CHONDROMALACIA PATELLAE

BY JACOB BRONITSKY, M.D., IOWA CITY, IOWA

From the Deparlmcfil of Orthopaedic Surgery, Slate University of

Iowa School of Medicine, Iowa City

REVIEW OF THE LITERATURE

Terminology

The term “chondromalacia patellae” applies to a circumscribed degeneration of the

articular surface of the patella, as evidenced by softening, fibrillation with eventual Assur-

ing, and erosion of the cartilage.

Biidinger, in 1906, was the first to describe this condition as “ traumalische Knorpel-

risse” (traumatic Assuring of the cartilage). To Konig has been given credit for the first

use of the term “chondromalacia patellae” in the literature (1924). Althougli Aleman has

claimed that he has been using this terminology since 1918 in his clinical case records,

his report on Chondromalacia posttraiimatica patellae did not appear until 1928. The disease

has been further described as “fissurale Knorpeldegeneraiion ” 't so (Assuring cartilage

degeneration), “traumatische ChoJidropathie der Patella” “chondritis of the

patella”, “traumatic chondritis”^®, “traumatic fibrillar degeneration” 2“- “trau-

matic degeneration of the articular cartilage”®*, and “traumatic osteochondritis”

The term “chondromalacia patellae” has recently become widely accepted®-
23, 24, 28 , 34, 37 is being used almost exclusively in the Scandinavian literature to

describe this disease. It will also be used in this report.

Etiology

Although chondromalacia of the patella has been recognized for forty years, there is

still a lack of complete agreement among observers as to the etiology.

Trauma as the primary factor for the degeneration of the patellar cartilage was sug-

gested by Biidinger in 1906 and was accepted by many of the earlier authors, such as

Axhausen (1919), H. Friind (1926), and Aleman (1928).

However, in man3
'- patients, a history of trauma could not be elicited. Aleman ex-

plained these cases on the assumption that the patients sustained minor injuries during
childhood, which could not be recalled. These minor traumata were sufficient to break
the smooth surface of the cartilage, which is known for its inadequate power of repair. The
continuous wear and tear of the normally functioning joint further aggravated the
damage. Those cases of patellar degeneration with no or negligible clinical sj-'mptoms
referable to the knee, Aleman termed “latente Chondromalazie"

;

those with clinical mani-
festations he called “ manifeste Chondromalazie”

.

But Karlson, in 1939, when he reviewed
si.xtj^-two cases, which included twenty cases operated upon earlier bj'' Aleman, concluded
that his findings could not prove Aleman’s contention that chondromalacia of the patella
was alwaj'^s due to trauma. In an investigation of 604 patients, Hinricsson, using Aleman’s
clinical criteria for diagnosing the disease, also found a discrepancy between the frequency
of trauma and the presence of chondromalacia of the patella; only tAvo-thirds of his cases
showed agreement.

Other authors have agreed Avith KuloAA-^ski that, although trauma is the primaiy
exciting cause, a predisposed constitution and the peculiar mechanism of the knee joint
also plaj-^ important roles in the formation of the degeneratiAm changes found in chon-
dromalacia of the patella.

The similarity betAveen chondromalacia patellae and degenerative arthritis has been
recognized by many obseiu'ers. LftAven (1925) and Konig (1928) suggested the early

\OL. 29, XO. 4 . orrrr»'Rr‘T> ioit
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Cniiip VI includes two cases: one of a generalized atrophic arthritis; the other of

mono-articular synovitis of the knee, following the incision and drainage of a BrodieV

abscess in the distal end of the tibia of the same side.

It is obvious that the above division is an artificial one, as there is no sharp demarca-

tion between the different phases of the disease.

At the time of operation, the ages of the female patients ranged from thirteen to

fifty-five years; those of the male patients ranged from nineteen to fift}'^ jmars. One patient

was thirteen, another sixteen, and two patients were nineteen years of age. Fourteen

(4S.3 per cent.) were in the third, and five Avere in the fourth decades of life. The remaining

six patients were over fortj’- years of age. The average age of the twenty-nine patients was

thirty years.

A history of acute trauma was denied in eight (25.8 per cent.) of the thirty-one knees

involved. The types of trauma reported in the remaining tAA’enty-three cases rverc as

follows:

Direct blow to the knee 12 cases

(Includes one case of multiple sclerosis with a history of repeated falls)

Twisting injury to knee 4 cases

Tackled or elipped, while plajdng football 3 cases

Injured while pole-vaulting 1 case

Traumatic dislocation of the patella 2 cases

Recurrent dislocation of the patella 1 case

In the twelve cases of direct trauma to the patella, the force of the blow varied from a

kick in the knee bj’- a cow to anj-- force sufficient to fracture the patella. The average history

was that of striking the knee against a hard surface. A comparison of Group I with (he

other groups, especiall}^ Group V, shotvs that a history of trauma is of little value in

differentiating between pure chondromalacia of the patella alone and other coexisting

lesions.' The typical history for the occurrence of a torn meniscus is often that the patient

was tackled or clipped while playing football. In the three cases of this studj’’, only one

patient had a torn meniscus. The other trvo showed no involvement of the menisci.

The following three cases emphasize how difficult it is at times to evaluate the rela-

tionship of trauma to degeneration of the patellar cartilage.

C'ase 1. Gerald H., aged twent}', injured the left knee while pole-vaulting in 1925. In 1927, he jumpeil

five feet and again injured the knee. After these accidents, he had had recurrent locking and pain over t le

lateral aspect of the knee.

On January 13, 1933, arthrotomy was performed for the removal of the lateral meniscus, ho other

pathological changes were noted in the joint, although it was eight j'^ears after the first trauma and .si.': j
ear.

after the second.

On -A.ugu.st 9, 1933, only seven months later, another artlorotomy was performed; a typical chondroma a

cia of the patella, with involvement of the SAmovial membrane, was then evident.
_ .

.

On May 7, 1934, the patient returned, stating that, since February 28, 1934, he had had

opposite knee with swelling and locking and a tendency to “give” on weight-bearing. There was no ns

of acute trauma : and an arthrotomy, on MaA”^ 14, 1934, revealed that the medial meniscus was loose, an art

was a slight erosion of the medial condyle of the femur. The patella was normal.

Case 2. Cleo G., aged twenty, stumbled and twisted her left knee on February 12, 1931. This requite

pain and swelling. A leg brace brought no relief from the pain. •

On Februarj' 5, 1932, an arthrotomj’’ showed that the knee Avas normal, except for a redun an .^r

fatty tissue, interposed between the articular surfaces of the femur and the tibia. Although t n.. wa

year after the trauma, there was no evidence of chondromalacia of the patella.
riil.nc''.

One year later, on January 26, 1933, arthrotomy revealed a severe degeneration of the pate ar ca

Case 3. Wilma S., aged sixteen, struck her chin against her left knee, while gliding
on

tube on October 20, 1939. She had moderate pain in the knee. She injured the knee again, w i c ^ .

October 30, 1939.
, ^

n-

On July 31, 1940, an arthrotomy, performed after a diagnosis of internal derangemen
yfu r

vealed a hv'pertrophic fat nad. Svmovial membrane and patella were normal. At this
moridv

the trauma, there was no evidence of degeneration of the patella, but on Januarv' 21, 1 J cig

later arthrotomv revealed chondromalacia of the patella.
’

' .--rr.orr.v
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strength, but was repeated often or M'as maintained over too long a period, an impairment

of elasticity resulted. Since he believed that the normal elasticity of the cartilage, and its

resulting pumping action, was essential to its nourishment, he concluded that “nutri-

tional disorders, due to unfavorable loading, may be one of the main reasons for path-

ologic changes in the cartilage of the patella". Furthermore, from his studies on the

chondroitin-sulphuric acid content of cartilage, he concluded that fissures develop in an

alread}" altered cartilage.

Lanier, in 1946, concluded from his experiments with mice that mechanical factors

were subordinate in the production of degenerative joint disease. He agreed with the

suggestion made by Bennett, Waine, and Bauer that the metabolic processes of aging

cartilage will have to be comprehended before the problem of degenerative joint diseases

can be solved. Sundt, in 1938, stated that chondromalacia of the patella is a constitutional

disease, and suggested that the pri-

mary cause was an injury to the

synovial membrane, which then pro-

duced an abnormal fluid. He assumed

that, since the articular cartilage to a

large extent received its nourishment

from the synovial fluid, an abnormal

composition of the latter would cause

nutritional disturbances in the car-

tilage and lead to its degeneration.

In 1945, Cox expressed the opin-

ion that the true pathological change

was in the undertying cancellous bone,

and that the change in the articular

cartilage was entirel}'- secondarjL

To summarize the present trend

of thought:

1. Our knowledge of the physiology

and nourishment of cartilage is still

incomplete.

2. Degeneration of cartilage without

trauma does exist.

3. Acute trauma or static deformities can influence the origin and progress of the disease.

4. The question of constitutional disposition and heredity as etiological factors is still

unsettled.
C

Incidence of Chondromalacia of the Patella

In 1927, Aleman reported that, in 220 arthrotomies performed on soldiers in the third
decade of life, he found in one-third of the cases a focus of softening and Assuring of the
articular surface of the patella.

Darrach, in 1935, reviewed 157 operations for internal derangement of the knee and
found a diseased patella in thirt3’'-six patients. In 1939, the same author noted, in 376
arthrotomies, that in 6.8 per cent, of those patients with a degenerative lesion of the
patella, it was the onlj’’ demonstrable pathological change found in the knee.

Hilzensauer, in 1936, r-eviewed 1,000 arthrotomies performed at the hospital in Graz,
Austria. He found chondromalacia of the patella in fortj'^-eight cases. Chaklin, in 1939,
found thirty-eight cases in 159 operations on the knee.

In lecent j’ears, a number of cases of chondromalacia of the patella have been reported
at various militarv hospitals. At a Naval hospital, Anderson, in 1944, found ten cases in
iftj succebsi\ e aithrotomies. At an Armj’’ hospital, Soto-Hall, in 1945, found twelve cases

VOL. 29, N'O 4, OCTOBER 1947

Fig. 1

Thomas M., aged twenty-one. Chondromalacia of the
patella.
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of tcndcrjics-s were reported in tM-ent^'-tAvo case records. Thej' were present in

nineteen cases (S6.4 per cent.) and absent in three cases. Two of these three patients in

wliom there was no point of tenderness were found in Group V.

If the six patients of Group are excluded from the stud}^ of this symptom, fifteen

of sixteen cases remain in which there was a point of tenderness. Fourteen of tliese cases

had a point of tenderness somewhere along the medial aspect of the knee joint, locate{I

as follows;

Over the .'interior insertion of medial meniscus 5

Medial to the patella 5

Along the tibial collateral ligament 2

All around the patella 1

To each side of the patellar ligament 1

In one case, the point of tenderness was in the infrapatellar area.

Crepitation or grating of the patella was present in twenty-three of the twenty-five

case histories (92 per cent.) which reported this sign, but insufficient data precluded .-my

attempt to evaluate the quality of the sound. Of special interest is Group I, in which the

presence of this sign was noted in five of the six patients.

Selda R., in Group II, had no crepitation, although the symovial membrane w.as

described as “grape-like”.

AMien Wilma S. (Group I) was examined previous to arthrotomy, no grating wa.s

heard. The patella was found to be normal. Examination previous to the second arthrof-

omy revealed soft grating. The patella then showed a marked chondromalacia.

Swelling of the knee was looked for at the time of preoperative examination in twenty-

four cases. Xine patients (37.5 per cent.) showed this swelling. In fifteen cases (62.5 per

cent.), effusion of the knee was not demonstrable clinically. The nine cases with positive

swelling were distributed in the groups as folloAvs:

Group I

.

Group II

Group III

Group IT.

Group y

.

Group ,

None of 4 cases

2 of 4 cases

1 of 5 cases

3 of 5 cases

1 of 4 cases

2 of 2 cases

In one case of osteochondromatosis, the firm nodules were palpable.

With the exception of the cases of osteo-arthritis, in which the presence of osteophytes

could be demonstrated, all roentgenograms in this study were reported as negative for bone

or joint pathological changes.

One e.xception, Iris B., a thirteen-year-old girl with cerebrospastic quadiiplcg'j''

showed a marked indentation in the articular surface of the patella; this was probaT'

due to the continuous pressure of the patella against the femoral condyle (Fig. 4).

RESULTS OF OPER.XTION

All patients were operated upon only after conservative therapy'' had failed to gi'f"

relief.

Several operative procedures have been recommended in the literature for t le r *

ment of chondromalacia of the patella. All reports of these procedures have been fa\ ora

)

In this series, four different surgical procedures were used:

1. Chondrectomyx in which the degenerated cartilage was shaved off ''it ^ ^ •

blade until normal-appearing cartilage was reached. .

2. The same procedure 'vas used, but the patellar surface 'vas then co'crc

symovial membrane.
_ , , i i i bnne "'crf

3. Patellaplasty, in 'vhich the entire patellar cartilage and subchonclra

removed with a sa'v. This left a bony- shell, the ra'v surface of 'vhich "as t len c

T svrwo r.v
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Fig. 2-B

Center of ulceration seen in Fig 2-A, showing the fissuies reaching into the deeper layer of the

cartilage. Weichselbaum lacunae are evident. The subchondral bone is sclerotic, with a double line of

calcification. Small tongues of fibrous tissue have penetrated the subchondial layer.

disappears completel5'', for at this angle the patella reaches the intercondylar notch of the

femur. At this point, contact is maintained only by the larger lateral and the smaller

medial facets. During flexion, the lateral patellar facet continues in good congruence with

the lateral femoral condyle, while the medial facet of the patella, from an angle of 90

degrees and upward, opposes a convex surface to the convex femoral condyle.

Pathology of Chondromalacia Patellae

The degenerative changes found in cartilage have been studied and described by
many investigators. To summarize;

Gross Examination: In the early stage, the cartilage loses its bluish-white, shiny,

translucent appearance and becomes opaque, yellowish, and softer than normal. As the

degeneration proceeds, cracks and fissures appear, which give a frayed appearance to the

surface. With the continued progress of the disease, the cartilage is gradually ground down,
until the underlying bone is exposed. The exposed bone soon becomes sclerotic and
eburnated. In extreme cases, the entire articular surface will be denuded of cartilage.

Marginal osteophytes have been shown to appear relatively earlj’- and, according to 0wre,
will be best developed in those areas where the degenerative lesion has reached the car-

tilaginous edge. Frequently, the synovial membrane is secondarily involved and shows
evidence of non-infectious inflammation.

Microscopic Examination: The early lesions are featured by fibrillation of the super-
ficial layer of the cartilage

;
the deeper adjacent laj'-er is swollen, as revealed bj" its abnormal

staining, and contains relatively few cells. The individual cells degenerate, increase in size,

and are heaped together in small groups. As the clefts and fissures form, the large cell

clusters or lacunae of Weichselbaum appear in the vicinit^^ The thickness of the cartilage

VOL. 29, NOi 4, OCTOBER 1947



TREAT.MENT OF UNUNITED FRACTUEES BY ONLAY BONE
GRAFTS WITHOUT SCREW OR TIE FIXATION AND WITHOUT

BREAKING DOWN OF THE FIBROUS UNION *

BY DALLAS B. PHEMISTEU, M.D., CHICAGO, ILLINOIS

From the Department of Surgery of the University of Chicago

The most important factors responsible for recent advances in the treatment of

ununited fractures have been improvement in the methods of bone-grafting, prevention

and control of infection by antibiotics, and the performance of more extensive and finished

operations, based on support of the circulation bj’’ adequate blood transfusion. The type of

operation used varies vith manj’- factors,—such as the bone involved, the location of the

fracture (whether in the shaft or in the end of the bone), the position of the fragments, and

the presence or absence of infection.

The operative technique for ununited fractures of the shafts of the long bones, wiiich

have not become infected, has become a standard procedure for the majority of the

surgeons of this countiy. Briefljq it consists of incision at the fracture site, reflection of the

soft parts from the exposed side of the bone, breaking down of the fibrous union or pseud-

arthrosis, separation of the soft parts from the entire circumference of the fragment ends

for from 2.5 to 5 centimeters, removal of callus from the fracture surfaces and the mcdul-

laiy canal, correct approximation and alignment of fragments, and then onlay of a broad,

long, whole-thickness bone graft, fixation of the graft to the fragments by metal screws,

closure of the soft parts, and immobilization of the extremit}’’, b}’’ encasement in plastcr-of-

Paris. The tibia has been the usual source of grafts; but recently iliac grafts have increased

in popularity, because of the good results obtained with them in World War II. Metal

plates are sometimes used, either in addition to or in place of the grafts.

The rationale of the procedure is as follows: The removal of callus and the freeing o

the fragment ends permit reduction and alignment, and stimulate osteogenesis. Tlic giMt

bridges the fracture and affords internal fixation; and surviving osteoblasts along its penp

teal and endosteal surfaces are an additional source of osteogenesis. Bonj' union am a

good functional result are usuallj'- obtained.
. ,

,

There are. however, certain draAvbacks: The amount of trauma is propoitionatc 3

great; tissue, including the ends of the bone, may be devitalized; the rigidb' fixcf

may become fractured; and infection is more frequent than in clean operations of the saw

magnitude, performed on soft tissues. These factors are responsible for a certain propoi 10

of non-unions and osteomyelitis. If the fracture is of a large bone and complex, the open

five repair may be long, difficult, and bloody; and shock may supervene, with
,

sequences, unless this coR^ition is properly managed. Although the objections to t

of procedure have greatly diminished since penicillin and adequate blood transfusions

been used, they are still of sufficient magnitude to justify a further search foi sun]

operations.
^

,,

Two common erroneous teachings have retarded the development and

much more simplified technique apphcable to ununited fractures of the .s la
•

the position of the fragments is quite acceptable were union present. The fii=t

tion is that, in all cases of non-union, the fracture line should be broken

intermediary and medullary callus should be removed from the fragment end*-,
il*

that the graft should always be firmlj* anchored to the fragments bj’ screw & 01 encii

'An experience, twentv-four vears ago, with an ununited fractuie 0 lu

'
1 * f Illi*''

* Read at the Annual Meeting of The American Academy of Orthopaedic .Surgeoa ,

Januarj- 27, 1947.
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PRESENT STUDY

Although Aleman and Karlson have insisted that the clinical symptomatology de-

scribed is pathognomonic for chondromalacia of the patella, there are man}'- other ob-

servers who find that these symptoms are applicable to several knee conditions. Timbrell

Fisher, for example, states that slight adhesions involving the alar fat pads may give rise

to a surprising amount of disability in the form of pain, synovial effusion, weakness, tender-

ness, muscle wasting, and a sensation of “giving way” of the joints, but not as a rule to

actual locking. These symptoms are very similar to those described for chondromalacia

patellae. He further states that crepitus is caused by the movement of hypertrophied

synovial fringes.

The purposes of this paper are

:

1. To analyze the relationship between the symptoms and the pathological findings.

2. To evaluate the results of operative intervention in chondromalacia of the patella.

This study is based on case records, borrowed both from the private files of Dr. Arthur

Steindler and from the clinical files of the Department of Orthopaedic Surgery, University

of Iowa. Only those cases in which the degeneration of the patellar cartilage was verified

at operation were included in this study. The case histories of twenty-nine patients were

reviewed (these included three cases reported by Kulowski in 1933). There were sixteen

female and thirteen male patients. Two female patients had pathological conditions in

both patellae. A total of thirty-one knees were involved.

At operation, there was frequently found, besides the patellar degeneration, a coexist-

ing synovitis, a hypertrophied fat pad, free bodies, a torn meniscus, or a combination of

several of these conditions.

In an attempt to evaluate the symptoms, the cases were arranged in the following six

groups, depending upon the type of pathological involvement found

:

Group I includes all cases in which the pathological condition was localized to the

patellar cartilage alone. Theoretically, all clinical symptoms produced in this group should

be due to the degeneration of the patellar cartilage. There were six patients with an aver-

age age of 21.6 years and an average duration of symptoms of 2.7 years.

Group II includes all cases in which an acute or chronic inflammation of the synovial

membrane coexisted with the degeneration of the patellar cartilage. This group can be
considered as representing a further stage in the degenerative process; it includes four

patients with an average age of 29.6 years and an average duration of symptoms of eight-

een months. The fifth patient’s symptoms had been present for eight years.

Group III includes all cases in which, besides a chondromalacia of the patella, there
were found cartilaginous bodies, either enclosed in the synovial membrane or lying free

m the joint. As synovial changes were usually present also, these cases might be included
m Group II. However, since these bodies could possibly produce symptoms independent
of the other pathological changes, these cases were grouped separately. There were five

patients in this group with an average age of 22.6 years and with an average duration of

s}'-mptoms of 2.6 years. The sixth patient, Ellen S., aged twenty-one, had complaints
referable to the right knee that had existed as long as she could remember (Figs. 3-A
and 3-B).

Group IV includes all cases in which the pathological changes were extensive enough
to warrant the diagnosis of osteo-arthritis or degenerative arthritis. There were five pa-
tients in this group with an average age of forty-seven years and a duration of symptoms
of 2.3 years. The sixth case involved the left knee of Ellen S., mentioned in the previous
paragraph (Figs. 3-C and 3-D).

Group F includes all cases in which there was a torn meniscus, regardless of the
other degenerative changes in the knee. Cases with the diagnosis of hypermobile meniscus
^^ele not included in this group. There were six patients with an average age of 29.7 years
and an average duration of symptoms of five years.
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Oil the other hand, two patients with traumatic dislocation of the patella showed

marked chondromalacia of the patella, five months and one year, respectively, after the

trauma.

Observation of snch cases raises the question of the relationship between the duration

of complaints and the degree of degeneration found at operation.

Although the number of cases is insufficient for definite conclusions, it was noted

that, in the younger patients of the group, the longer the duration of symptoms, the

greater was the degree of degenerative involvement of the patella. In the older patients

with clinical evidence of osteo-arthritis. such correlation was not evident.

It is not known definitely why, during the process of cartilage degeneration, some

patients suffer from continuous discomfort, whereas in others the degenerative process

proceeds without any, or with relatively minor, symptoms. In the latter group of patients,

the duration of symptoms naturally would not be reflected in the pathological findings.

In the traumatic group, there was, apparently, no relation between the duration of

symptoms and the degree of degenera-

tive changes. The amount of degenera-

tion found depended on two factor's,

both of which are frequentlj’’ difficult

to evaluate. The pathological findings

depend, first, upon the amount of de-

generation present at the time of the

accident and, second, upon the severity

of the trauma. Traumatic dislocation

of the patella seems to be most detri-

mental to the cartilage.

Phyllis C., aged twenty, had had injuries

to both knees. In 1035, she had twisted her

right knee while plajing basketball. This re-

sulted in serious discomfort, which w’as almost

continuous. She twisted and injured the left

knee in 1939.

On April 8, 1940, five years after the first

injury, an arthrotomy was performed on the

right knee, and on May 29, 1940, eight months
after the second injury, an arthrotomy of the

left knee was done. Although the interval since

the trauma varied in the knees, the pathologi-

cal findings revealed almost the same marked
fibrillation of both patellae. A free body was
found in the intercondyloid notch of the right
femur. On the lateral condyle of the same femur w^as a small defect, which had been filled with fibrous tissue.

History of recurrent effusions was not investigated in nine patients; of the remain-
ing twenty-two patients, sixteen reported the presence of recurring effusions, whereas this
was denied by six patients

;
one with recurrent sw'elling showed normal synovial membrane.

History of weakness or locking in this series includes both true locking and the so-called
“sta5dng” or “catching” of the knee.

Twenty-five patients reported this symptom. In nineteen (76.0 per cent.) of these
cases, the sjmiptom was present; it was absent in six. It is interesting to note that in
Group "S’, this symptom ivas absent in two of the six patients.

Gilas jNIc. of Group I had true locking three weeks and two weeks prior to admission.
1 he first time locking occurred, it was relieved by manipulation. The second time, it was
necessary to apply traction for twenty-four hours before it could be relieved.

1 atcUa) tenderness could not be evaluated, since twent3’'-three of the twenty-nine case
records had no data on the subject.

Fig. 4

Iris B., aged thirteen, a cerebrospastic quadriplegic.
Show'ing the marked indentation of the right patella,

probably due to the continuous pressure of the patella
against the femoral condyle.
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with synovial membrane. Where the synovial membrane was degenerated, fascia or

quadriceps tendon was used to cover the raw patellar surface.

4. C'omplete excision of the patella.

In all the cases, any other coexisting pathological condition noted at operation was

removed or corrected. Synovectomy for removal of a mildly hypertrophic or congested

synovial membrane was not performed.

Eighteen patients were followed from one to seven years after treatment, with an

average follow-up of two years and three months; in six of them, the follow-up period was

from five to nine months; in four, it was less than five months. In three cases, there was no

follow-up, because these patients were sent back to the physicians who had referred them

as soon as they were able to leave the Hospital.

The results were tabulated as good or poor, depending upon the patient’s subjective

response to surgeiy. The result was considered good when the patient obtained both

subjective relief from his complaints and good function of the limb. The result was noted

as poor when the patient failed to obtain either satisfactory alleviation of his complaints or

good function of the limb. In some, further surgical intervention finally produced relief from

symptoms. Subjective improvement was usually noted a short time after operation.

In one patient who was followed for four weeks after treatment, a free body was

removed from the knee. In three patients with a follow-up of six weeks, seven weeks, and

ten weeks, respectively, a chondrectomy was performed. The results in these last four

patients were good, but are not included in this analysis.

Chondrectomy was performed in eight of the cases included in this study with six

good and two poor results. Of the two poor results, one occurred in a patient with a coexist-

ing subluxation of the patella. A “reefing” of the capsule was also done at the time of

operation. The second patient had a congenital slipping of the patella. At the time the

chondrectomy was performed, a hypermobile medial meniscus and a hypertrophic fat

pad were removed, and a Goldthwait tendoplasty was performed on the patellar tendon.

In the three cases in which sjmovial membrane was used to cover the patellar surface

after chondrectomy, there were two poor results and one good result. The two poor results

occurred in the same patient, Phyllis C. Both patellae were later excised, with a good
result in one knee and a poor result in the other.

All four cases in which patellaplasty was performed gave poor results. One patient
had multiple sclerosis, a second patient had generalized atrophic arthritis, and in a third

case, the synovial membrane was degenerated and plastered down, with a pannus over the
femoral condyles and the patellar surface. A strip of the quadriceps tendon was used to
cover the raw patellar surface. In the fourth case, Ellen S., both patellae were involved.
In the right knee, in which the patellaplasty was done, the result was poor. Arthrotomj'-
was again performed, and the synovial membi’ane, previously used to cover the patellar
surface, was removed. This procedure gave a good result. However, in the left knee,
onlj'- a hypertrophic fat pad and a free body were removed; the patella was left untouched,
and the result was good.

In the six cases in which the patella was excised, there were five good results and one
poor result. The poor result occurred in the patient with chronic mono-articular sjmovitis,
following an operation for a Brodie’s abscess in the distal end of the tibia of the same
extremity. The functional result of the knee was good, but the swelling persisted. In
all the cases of patellectomy, the function of the knee was good, except in the one knee
of Phyllis C., mentioned previousl}*.

There were two osteo-arthritic cases; Marguerite B., aged thirt5’'-four, in whom a
congenital subluxation of the patella was treated with a medial transplantation of the
patellar tendon: and Maxine H., aged fifty-five, in whom an arthrotomy was done on
the diagnosis of osteochondritis dissecans, and the free bod}^ was not found. In both of
those cases, the patellae were left intact and the results were good.
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the intermediary callus, and the .soft parts were sutured. Despite the irradiation damaj^c. the fraeturo w

fo\md to have united, when the cast was removed three months later (Fig. 5-B). A more traumatizing opc

tion might have inecipitatcd bone and soft-part necrosis and impairment of heating. Two years later, t

function of the arm was as good as before the injury, and roentgenograms (Fig. .5-C) revealed coiniik

fusion of grafts and fragments.

OF INFECTED .FRACTURES

If a fracture becomes infected, either at operation or as a result of being compmmdt'

and fails to unite, the infection must be healed before an operation for non-imioa iscoi

sidered. There is some danger of reactivating the infection, if the operation is perfonm

through the site of the healed wound, with freeing of the fragment ends, removal of iiitc

mediary and medullary callus, and fixation of the aligned fragments by an onlay bone gni

anchored with screws. In order to minimize this risk, it has been the custom until rcceiitl

to delay operation for from six to eighteen months, depending on the extent and dmatid

of the lesion and the size of the bone involved; and also to excise scar tissue at a prcvioi

operation, if it is extensive. With the use of antibiotics, especially penicillin, it has boo

possible to shorten this period somewhat.

When the fragments are in acceptable position, the simple tj’^pe of onlay procednre, hoi'

described, has been emplo.yed, with avoidance of the old field of infection during tlio intn

duction of the graft. The incision is made through health3'^ skin as far away from the sea

as possible, and the soft parts and periosteum are reflected from the bone on the side oppn

site the scar. If bony prominences are present, thej’^ are leveled off; the intermediary calhi

is never disturbed. The graft is introduced into the pocket, and over it the soft parts ar

tightl.v sutured. avoidance of the field of infection that has healed most recently aiu

with the intermediaiy callus left undisturbed, the likelihood of infection is reduced to

minimum; thus it was possible, even before the daj’^s of antibiotics, to perform the opera

tion at a relativcl.v earh' date, with a Ioav incidence of infection and a high incidence o

boiyv union, thereb.v saving the patient man3'- months of disabilit3\ Depending upon tin

ca.'^e, from one to four months should elapse after healing, before the operation is performed

t'.ise 0. W. L., a male, aged fractured both bones of the right leg fifteen months before admis-ioii,

The tibial fracture was compound and infected, and an open wound persisted on the medial side for tbirfeen

ai tl one-half months. The scar was elliptical, measuring one by four centimeters, and was well healed. Motion

was prc.<cnt at the fracture site in the tibia. Eoentgenograms (Fig. 6-A) revealed non-union of the fracture a

the tibia and union of the fracture of the fibula. At operation, six weeks after wound healing, a wholc-lliii tie,^^

graft, nine centimeters long b\' two centimeters wide, was removed from the upper fragment of the tibi.i, ant

the wound was closed. A second incision was made, lateral to the tibial crest at the fracture level anj f um

centimeters awaj- from the scar. The periosteum was reflected from the lateral aspect of the tibia, t

trading callus was chiseled off
;
the graft was inserted on edge, 'ndthout removing intermediary callus ,

.am

wound was sutured. Xo antibiotics were given, and the postoperative course was uneventful. B hen ic <•

was removed, ten weeks later, the wounds had healed per primam, there was bony callus bct\' cen rag

and graft, and some ossification of the intermediarj'^ callus (Fig. 6-B). Walking was resumed soon a tcrv.i

Figure 6-C shows the consolidation thirteen months after operation.

Case 7. J. G., a male, aged fortx’-three, was admitted on October 9, 1939, eight montlis after t le

of both bones of the right leg. .at the mid-shaft. The tibial fracture was compound, and was piatet . o^^

injurj'. The wound became infected, and the plate was later removed, which left necrotic bone expo

the plate had come in contact with cortex. On admission, the wound was still gaping and < i^e

Roentgenogr.ams revealed non-union of the fracture of the tibia and irregularity of tiie coi tex on
^

aspect, wliicb bad been produced bj' screw boles and bone absorption (Fig. 7-A). At

incompletelv sequestrated necrotic cortex, from 5 to 7.5 centimeters long, w.as chiseled from ca
^

where the bone plate had been anchored. The wound granulated favorably. Five a'cek.s
(-p.miilf"

!'''

undermined and sutured. The wound remained free from infection and three weeks later '

healed. Two months afterward, roentgenograms revealed the extensive defects in the fragmen^

bv the fracture of the tibia and the excision. The fracture was still ununited (kig. 7-B). me

months after operation, and six weeks after he.a]ing. a heavy graft, 12.5 centimeters long, va
'

"ace of the fragment.- on

»

aserted into tiie bed. .m

nd fiV.e-'-'

reino''

e t!!'

the other tibia, and, through a posteromedial incision, the posterior surface of the
jj,,.w

the fracture level wore denuded of periosteum and callus. The graft was ms
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Fig. 1-A Fig. 1-B

Fig. 1-A; Case 1. Noa-union of mandible of five months’ duiation.

Fig. 1-B: Four months after simple onlay bone graft.

showed that it was possible to obtain bonj'^ union and a good functional result without

adherence to these teachings. The fracture in a twenty-two-3’-ear old woman (Case 1) was

of five months’ standing, and had been infected from communication with the mouth, but

the wound had been healed for two and one-half months. A roentgenogram (Fig. 1-A)

showed the fragments were well aligned, but Avith no sign of ossification of the intermediary

callus. To have denuded the fragment ends and cleaned out the intermediary callus would

have opened a wound in the mouth and invited reinfection, and to have fixed the graft to

the fragments across the fracture site bj'' screws or ties would have necessitated a relatively

long and disfiguring skin incision. The procedure employed, was as follows: A short incision

was made on the under surface, and the periosteum Avas separated from the medial side of

the fragment ends sufficiently to permit the onlay of an iliac graft, measuring approxi-

matelj'- 4 bj'- 1.5 by 0.5 centimeters. The intermediarj'- callus Avas left in place, and the graft

Avas held in position bj*^ suturing the oAmrlying periosteum and soft parts tightly over it.

The upper and loAver teeth Avere held together AA'ith Avires for tAVO months. There Avas pri-

marj'- Avound healing and, AAdien the Avires had been remoA'’ed, the fracture Avas found to be
united. Figure 1-B shoAvs the degree of ossification of the intermediary callus and the fusion

of the graft AAdth the fragments, four months after operation.

Since the operation Avas short and simple, and the fracture united promptlj’', it Avas

decided to applj^ these principles in similar cases of non-union in other bones. In fractures

that haA^e not been the seat of infection, the folloAving general procedure is emplo^md

:

The
bone is exposed, nmTthe ppi’instpnm ig TptinptGrl-f^n ly trnm t.hp git.p tn wbinb t.bp t.ra n gp1 an tprl

bone is to be applied. The remaining periosteum an^callus hold the fragment ends together,
it the denuded surface is level, no bone is remoA’-ed; but it is usualty uneAmn, and any pro-
truding bone is chiseled off, in order to create a satisfactor bed for the graft or grafts.

Usualty the fibrous intermediaiy callus is left in place, but in some cases, part or all of it

has been remoA^ed, AAuth equally satisfactory results. As bonj'- union betAveen fragments and
graft is established, the intermediaiy callus, AAdiich Avas laid down originallj’’ bj’’ osteogenic
cells, reA^erts to a healthier state, under protection from trauma, and ossifies; or, if a
pseudarthrosis is present, the caAdty fills A\dth callus AA’hich ossifies as motion is abolished.
Angulation has occasionallj^ been corrected, and sometimes this step has been facilitated
by the remoA’'al of part of the intermediaiy callus. The fracture site is bridged bj'' a broad,
stiong, Avhole-thickness, onlaj^ graft or bj’' tAvo someAvhat narroAver, AAdiole-thickness grafts.
Cancellous bone is usualty applied to the exposed fracture line on both sides of the graft.
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between the two cortical grafts. None of the intermediary callus was removed. A plaster sjjica dre.'-ini; « ic

then ajjplicd, which wa.s left on for three months. WHien the spica had been removed, there was no motion at

the fracture site, and roentgenograms (Fig. S-C) revealed signs of union between the grafts and fragments

and partial filling in by bone along the old fracture line. A caliper splint was worn for three months, and weight

was borne on the limb after the fourth month. Union progressed rapidl}', and all of the intermediarv callus

could be seen as si)ongy bone in si.\ months. Now, eleven months after operation, the callus is more dense, the

limb is being actively u^ed, and 75 degrees of motion has been established in the knee (Fig. S-D).
#

This good functional result and the absence of wound infection justify the decision

not to break down the fracture at operation, in order to correct the considerable degree of

displacement of fragments.

DISCUSSION

Delageniere demonstrated that onl3
’- osteoperiosteal grafts, without anchorage (o

fragments, should be used for the successful treatment of non-union; however, the opera-

tive trauma was extensive, since in all cases the fracture was broken down, the callus was

removed, and the fragment ends were denuded in their entire circumference.

Harkins and the author analj’-zed the results in a series of thirt5’’-nine patients, operated

upon b,v the simple onla}’- method. These cases comprised 42 per cent, of the uniinited

fractures of the shaft operated upon during an eight-j'-ear period. Satisfactory results with

bonv union were obtained in thirty-eight cases. Since then, the author has had further

experience with fortA'-nine cases. The distribution of the fractures according to the bone

involved was as follows

:

Tibia

Humerus
Mandible

22

7

5

Femur
Pelvis

Radius

Metatarsal

Ulna

Fibula

Bon,y union was obtained tHth one operation in forty-six of the forty-nine cases. One

failure occurred in a three-j^ear-old child tvith congenital pseudarthrosis of the tibia, i he

two other failures concerned fractures of the body of the mandible. One resulted from

unequal distribution of the graft; two-thirds of this graft tvas in contact and united with

the posterior fragment, and one-third AA’^as in contact, but failed to unite, with the anterior

fragment, which ivas poorty immobilized because of so ferv teeth in the mandible. Ihc other

failure Avas due to infection of the graft as a result of a small opening into the mouth, a\ hie i

Avas not detected until the end of the operation. The graft Avas later remoA'ed, and the

infection aa’us alloAA^ed to heal. A similar operation, performed six months later, hea e(

-per primam and resulted in union of the fracture. This Arms the only instance of infection

and loss of the graft in the entire series.
_

,

Infection occurred in thirteen of the cases as a result either of the initial compoiim

fracture or of a preAdous operation, but all AA’-ere healed before the operation for the non^

union was performed. Six of these patients, fiAm AAuth fracture of the tibia and

fracture of the femur, were operated upon betAA’^een one and four months after AAOunt >

ing, the graft being applied awaj’- from the site of preAuous draining e.xcept in the

femur. In all of these cases, healing occurred without infection.

were operated upon six or more months after healing. There was primary a\ ounc

and union of the fracture in eA^'erj’" case except the mandibular fracture prcA lOirs j

tioned.
r ii

*
* The hoiic

The rationale of the simple onlaj^’-graft procedure is based on the folloAAing.^

graft, whether in one or more pieces, is relathmly strong. It bridges the

fragments, and contains osteogenic cells AA’hich surAUAm along its periostea anc^

surfaces. Stripping of periosteum and other soft parts attached to one si e o
^

chiseling off prominences to create a leAml bed, and accurate application o
o'lt

fragments set up osteogenesis from both shaft and graft. This results in

of callus, which ossifies and establishes hony union betAveen the fragmen ..

THE JOURNAL OF RONE ANO JOI-’



TUIOATMENT OF UNUNITFD PUACTUUKS BY ONLAY BONK GBAFTS 949

The periosteum and soft, parts are then reflected and tightly sutured over the transplanted

bone. They hold the graft firmlj’^ against the shaft and prevent its displacement.

The length of the graft varies according to the fracture and the len’gth of the bone

involved. Grafts used for fractures of the mid-shaft of the long bones are usually from 7.5

to 12.5 centimeters long; while those for the end of the shaft are from 5.0 to 7.5 centimeters

long, since short grafts fit better there and are easily held in place by the sutured soft parts.

The grafts serve, to some extent, as internal-fixation splints. Plaster fixation is carried out

for from two to three months, depending on the location of the fracture and the size of the

bone; union is nearly always present at the end of that time. The results of such treatment

are illustrated by the following cases:

Case 2. F. T., a female, aged thirty-three, had a simple fracture at the middle third of both bones of the

left leg, of one year’s duration, with union of the fibula and non-union of the tibia (Fig. 2-A). At the opera-

tion, an incision was made over the tibia, extending downward 22.5 centimeters from the tubercle. A whole-

thickness graft, about 10 centimeters long by 1.5 to 2 centimeters wide, was cut from the upper fragment.

The periosteum was then reflected from the medial side of the fragments at the fracture level, and the pro-

truding cortex of the lower fragment was chiseled off to create a level surface. The graft was then inserted

into the pocket, with its mid-portion at the fracture level and its periosteum external. Intermediary callus was
not disturbed. Cancellous bone was applied anteriorly along the fracture line. The wound was closed tightly,

and a cast was applied up to the mid-thigh, with the knee slightly flexed. On removal of the cast at the end of

twelve weeks, the fracture was solidly united, and roentgenograms (Fig. 2-B) revealed evidences of repair,

including ossification of the intermediary callus. Walking was rapidly resumed, and roentgenograms one j^ear

after operation (Fig. 2-C) showed dense ossification of the intermediary callus and fusion of the graft with the

fragments.

Case 3. T. W., a male, aged thirty, had a condition in which short grafts could be used to bridge a frac-

ture of the end of the shaft. The fracture of the lower ends of the tibia and the fibula was of six months’ stand-
ing, and there was comminution and non-union of the tibia (Fig. 3-A). Through a medial incision, the perios-
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fracture is of the tibia and the degree of lateral displacement is great, warranting reduction,

a modified Hoglund sliding-bone-graft operation is usually performed, with an onlay graft

applied to ensure union, as well as the intramedullary graft for maintenance of position.

This obviates the use of screws for fixation.

SUMMARY AND CONCLUSIONS

1. Ununited fractures of the shaft in Avhich the fragments are in acceptable position

have been treated by the application of one or two large bone grafts to a denuded level

surface of the cortex across the fracture site, without fixation of graft to fragments with

screws or ties, and usuallj'- without removal of the fibrous intermediary callus.

2. The grafted bone is held in position by the periosteum and soft parts sutured tightly

over it; the fragments are adequatelj'- fixed bj'^ the remaining callus and attached perios-

teum, and bj'- the plaster dressing.

3. The graft becomes solidl}’' attached to the fragments, the intermediary callus ossi-

fies, and bony union is established in a high proportion of cases, with a low incidence of

infection. There has been no instance of fracture of the graft.

4. If there has been infection of the fracture which has alreadj'- healed, it is possible

to use this technique relativel}^ soon after healing by placing the incision in healthy tissue

awaj^ from the scar and appljdng the graft across the fracture line on the opposite side of

the shaft. In this way the period of disability ma3
'^ be shortened bj'- several weeks or months.

5. The results of the operation demonstrate the falsity of the teaching that, in order

to obtain bon}'- union of this type of fracture, it is necessaiy to remove the intermediary

and medullary callus and to fix rigidty the graft to the fragments.

6. The operation is short, simple, and suitable for a majority of ununited fractures of

the shaft. By this operation, the use of screws, plates, and wire is largeh'’ avoided.
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teum and callus were i cilected from abo\it half of the circumference of the fragments, and the intermediary

callus was gouged and curetted out. Tlie fibula was then ostcotomized through a lateral incision, and the

angulation was corrected by displacing the ankle backwards. Two short grafts, taken from the upper end of

the shaft, weic laitl across the tibial fracture, one anteriorly and one posteriorly, and the soft parts wei'c

sutured over them. Twelve weeks later, when the ])laster dressing had been removed, there was early bony

union (Fig. 3-B). Figuic 3-C shows tlic consolidation ten and tin co-qiiartcrs months after operation.

Case 4. W. W., a male, aged twenty-two, had a fracture of the mid-shaft of the left humerus, which was

treated elsewheie the day after injury by ojicn i eduction and fixation with a wire, a metal plate, and screws.

Non-union followed, and the plate and fragments became angulated. Figure 4-A shows the condition when

first seen, five months after the injury. At operation through the old anterolateral incision, the underlying side

of the bone was uncovered, and the screws, jfiatc, and wire were removed. The intermediary callus was fibrous,

and without removing it, the angulation was easily corrected. A bone graft 12.5 centimeters long, taken from

the tibia, was laid acioss the fracture line in the bed vacated by the plate, and the soft parts were sutured

tightly over it. The graft served well as an internal-fixation splint. A body cast, including the left upper ex-

tremitj’’, was then applied. When it was removed twelve weeks later, the fracture was united, and roentgeno-

grams, taken four months after operation (Fig. 4-B) revealed ossification of the intermediary callus and bony

fusion of the giaft with the fragments. One and one-half years later the functional result was excellent.

Case 5. E. T., a female, aged forty-four, had an intermuscular round-cell sarcoma of the lateral aspect of

the right upper arm, extending to the elbow. It was treated by heavy irradiation and excision, which included

a long segment of the radial nerve. There was irradiation damage to the region, but freedom from recurrence

of the tumor. Twenty-three years later, the patient fell and injured the atrophic bones below the elbow. Six

months later she appeared at the Clinic, with freely mobile ununited fractures of both bones of the forearm,

as shoTO in Figure 5-A. At operation, a posterior incision was made, and the soft parts were reflected from the

back of both bones at the fracture site. A tibial onlay graft was applied to both bones, without removal of

’ f

Fig. 4-A
^

PiQ 4.3
Fig. 4-A: Case 4. Non-union five months after early wiring and plating.
Tig. 4-13: Four months after simple onlaj^-graft operation.
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followed until the time of healing of the graft. Consequentiy, the series represents a much
more difficult problem in the restoration of bone continuity than would ordinarily be

encountered in civilian practice.

During the first six months of the study, only eighteen bone-graft operations were

performed, thirteen of these being of the sliding inlay or Albee type. Because of the

increased healing period and the failure of union in five (38.5 per cent.), the procedure

was changed to the massii'’e onla3 '' graft. Since that time, the inlaj'' graft has been rele-

gated more and more for the treatment of cases of delayed union in which an active

healing process was evident.

The application of massive onlaj'- grafts for the long bones proved to be the operation

of choice in uncomplicated cases of non-union. The periosteum was carefully stripped

from the bone ends to give a continuous sheet, and all fibrous tissue was removed from

between the fracture fragments. The ends were freshened to allow good contact, prior to

preparation of the bed for the reception of the graft. The medullary canal was opened

and cleaned out with a curette to permit endosteal repair.

The graft, measuring seven inches in length and as wide as could be obtained without

invading the tibial crest, ivas usuallj'’ taken from the opposite tibia. Shorter grafts were

used in the upper extremity; the ividth was determined by the size of the bone being

repaired. In the preparation of the graft, all of the cancellous bone on the medullary

surface was removed with a sarv or chisel, and saved to pack around the fracture site.

Additional bone chips were obtained from the upper end of the tibia or ilium, as indicated.

The bed for the reception of the graft was prepared b}'' the removal of at least two-thirds

of the thickness of the cortex at its thinnest point, to give a flat surface.

Dual bone grafts were first used during 1943, when eight operations of this type

were performed. Since that time, an increasing number of the dual-type operations have

been performed,— partty because of the type of fracture being treated. However, as will

be shown bi' this studj", our indications for the use' of the dual-type graft have changed

considerabty. The bone used for the dual graft was the same width as that for the onlay

graft, whenever possible. The maximum graft obtainable from the tibia of the average

adult is approximatety eleven and one-half inches in length.

Ten cases were seen of fracture of the tibia from ivhich the graft had been remove

earh' in the series. The necessity of a properlj'’ fitted, molded leather cuff, to be incoi

porated in a double-bar, short leg brace prior to the resumption of weight-bearing, canno

be emphasized too stronglJ^ This device effectively eliminated the serious complication

of fracture of the donor tibia, which occurred frequentty prior to the adoption of tns

simple precautionaiy measure.
.

. ,

The problem of closing the periosteum over the graft in those instances in I'C

massive onlaj'’ grafts or dual bone grafts are used was solved satisfactorily by making otc

or more longitudinal slits through the periosteal cuff on the side opposite the gia •

so doing, a periosteal covering may be shifted forward to close over the graft, an

soft tissue maj^ be sutured ivithout tension. . ,

Rigid fi.xation of the graft bj'’ machine-type screws not only is considered a visa

but is imperative if earlj^ motion is to be initiated. IMany of the patients with uncorap^^

cated bone grafts were being supported by”^ a bivalved cast or by traction, an w

ceiving phj’-siotherapj'^ for mobilization of the adjacent joints b}'- the sixth wee

operation. Unfortunatety, follow-up measurements on joint motion were not

enough to be trustworthy. It was obvious, however, that a good deal of tinic

during the convalescent period; and, in many instances, the permanent

altered considerably'', as compared to similar types of cases treated by other me
^

One of the authors (A. L. S.) has been using bone plates in conjunction

grafts since 1940. In this series, plates ivere utilized whenever strength an s i^^^

needed, but never as a substitute for a graft. Plates were used in conjunction v
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TABLE III

A^terage Healing Time According to Type op Graft and Bone Involved

Bone

Inlay
!

Onlaj’’ Dual Total

No. of

Grafts

Average

Healing

Time
(IFeeks)

No. of

Grafts

1

Average

Healing

Time
(TFeeks)

No. of

Grafts

Average

Healing

Time
(IFeefcs)

No. of

Grafts

Average

Healing

Time

(Tfd-s)

ClaATcle
1

1 24 1 22 4 12 6 19

Humerus 4 31 6 15 39 16 49 17

Radius 4 21 18 18 27 17 49 16

Radius and ulna 0 0 11 17 0 0 11 17

Ulna s 25 18 21 23 14 49 18

Femur I 1 26 25 22 28 22 54 22

Tibia 16

1

24 42 22 42 24 100 23

Totals
i

27 * 121 20 163 19 318 20

*This figure is based upon the exact number of weeks required for healing in each case, rather than

upon the average times given in this table.

inlay grafts, twenty-three onlay grafts, and twelve grafts of the dual t3’-pe. These results

have not been tabulated separatelj'’, because there was no appreciable difference in the

healing time. Xo fractures occurred in this group of thirty-eight cases.

AVERAGE HEALING TIME OF BONE GRAFTS

Of the 358 cases with adequate follow-up (Table I), 39 (10.9 per cent.) had inla}'

grafts, 144 (40.2 per cent.) had onlaj"- grafts, and 175 (48.9 per cent.) had dual-type grafts.

The average healing time for the entire series of 318 grafts which were followed to union

was twenty weeks (Table III). Inlaj’- grafts, which were used under the most favorable

circumstances to secure union, were the slowest to heal, averaging twenty-seven weeks,

onlaj" grafts, l;^ed in the more favorable type of case, averaged twenty Aveeks; and the

dual-tj^pe graft, ivhich was used onty in those instances in vdiich sIoav union was antici-

pated bj' other methods, aA'eraged nineteen weeks.

A stud}^ of Table III will show a difference in the average healing time for the aa eight

bearing and non-weight-bearing bones, as AAmuld be exjiected from the criteria set up w

this studj' for the determination of union.

TABLE IV

Average He.aling Time of 31S Bone Gr.aft.s

1

Healing Time
|

(TFeeks)

T3'pe of Graft

Inlaj' Onla3'^ Dual

Total Grafts

No. Per cent.

Composite Analysis

No. Pc’"

Under 12

12 to 13

14 to 16

17 to 20

21 to 25

26 to 30

Over 30

0 4 12

1 24 40

2 21 34

6 25 36

6 16 17

9 15 15

10 16 9

16 5.0

65 20.4

57 17.9

67 21.1

39 12.3

39 12.3

35 11.0

16 5.0

81 25.5

138

205

244 76.7

283 89.

0

318

318 100.0

Total number of cases

Average

34 121 163

27 20 19

318 100.0

20
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Fig. 7-A Fig. 7-B

Fig. 7-A: Case 7. Non-union, osteomyelitis, and dead bone eight months after injuiy and application

of plate and screws to tibia.

Fig 7-B: Three and one-half months after removal of dead bone and si\ weeks after healing of the

secondarily sutured wound.

Fig. 7-C Fig. 7-D
E'S- 7-C: Three months after application of graft to posterior surface through posteromedial incision.
Fig. /-D: Eight montlis after bone-grafting.
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DELAYED UNION OF BONE GRAFTS

To record in detail the healing time of the various types of grafts in each of the

long bones would require too much space, and would not disclose anything more of signifi-

cance than would a composite analj’-sis, as recorded in Table T\^. This tabulation shows that

138 (43.4 iier cent.) of the bone grafts had united b}'' the end of the sixteenth week.

On the assumption that certain factors which tend to delay healing of the graft would

be evident in those cases requiring seventeen or more weeks to unite, a detailed study was

initiated. In some cases, more than one such factor was evident. Onlj'- the apparent

primaiy cause of the dela3’-ed union in the remaining 180 cases (56.6 per cent.) is shown

in Table V.

Local impairment of calcium metabolism accounted for the greatest number of cases

of dela3’’ed union. Of the 180 cases requiring more than sixteen weeks to heal, fort3'- (22.2

per cent.) presented severe decalcification of the ends of the bones, and thirt3'^-two (17.8

per cent.) had sclerosis of one or both of the major fracture fragments at the time of the

bone-graft operation. This group of sevent3'--two cases of dela3’'ed union had the following

distribution: seven inla3’’ gi'afts, Avhich had healed in an average of twent3’'-seven weeks;

twent3'^-five onla3^ grafts, which a'\mraged 30.4 weeks for healing; and fort3
'’ dual-t3ye

grafts, used in the cases with more pronounced local disturbance of calcium metabolism,

which had an average healing time of onl3'' 22.5 iveeks.

The third most common cause of dela3'’ed union of the graft occurred in cases in which

the graft was used to bridge a defect. Without exception, inla3
'' and onlay grafts were

not satisfactoiy when used for this purpose; but, of the 112 dual-t3'^pe bone grafts used

to bridge defects up to five and one-half inches in length, onl3
’’ thirt3'^ (26.7 per cent.) failed

to have union by the sixteenth week.

In seventeen (9.5 per cent.) of the cases of dela3'’ed union, no apparent cause was de-

termined; eleven of these were of the inla3
’’ t3’’pe.

Of the twent 3'-six infections without sequestration of the graft, thirteen grafts failed

to unite b3
' the end of sixteen weeks; but there was no case of non-union without other

contributing factors.

Inasmuch as it was our practice to remove at least two-thirds of the thickness of the

cortex in the preparation of the bed for the reception of the graft, onl3
'' thirty-five cases

with poor apposition of the graft were collected. Of these, there were thirteen cases of

dela3’'ed union. The ai’erage healing time for the series, when compared with an unselecte

group of similar grafts of our own, was prolonged by 4.7 weeks.

Fracture of the graft occurred in twent3'’-three cases (Table II); of the nine whic

went on to union, all were slow to heal, averaging twent3’'-four weeks from the time of t e

fracture.

Poor choice of the t3'^pe of operative procedure b3
'’ the use of a pooi’b'’ fixed onla3

'^

near a joint accounted for six delayed unions in ten cases. How^ever, there were onty lou

delayed unions in fift3^-four of the dual-t3^pe operations, done for non-union near a jom •

NON-UNION OF GRAFTS

Failure of the bone graft to unite was encountered in fort3
'’ (11.2 per cent.)

|
,

cases (Table AT). Fracture of the graft occurred in twent3"-three instances, and

for fourteen (35 per cent.) of the non-unions. The average time from the fractuie o

graft to a subsequent attempt at repair Avas sixteen weeks.
^

Infection with sequestration of the graft accounted for tAvelve (30 per cen .j

failures. Sclerosis of one or both fracture fragments was considered to be
^

failures (12.5 per cent.), and extensive decalcification of the bone ends

an equal number. Poor choice of the t3^pe of operative procedure, Avith inadeqvia

of an onlay graft near a joint, accounted for one failure. Short grafts (less than

in length) Avere responsible for three other instances of non-union.
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The undisturbed periosteum and peripheral callus of the rest of the circumference serve to

hold the fragments together, as does also the intermediary callus when it is not removed.

Consequently, displacement of fragments cannot take place. The graft is held so snugly

against the fragments by the tightly sutured overlying periosteum and soft parts that it

does not work out of place. At the same time, it does not remove the stimulus to fracture

healing which is derived from impaction of the fragment ends by muscle pull; nor does the

graft fracture, as sometimes happens when a graft is rigid!}'- fixed to the fragments by

screws. As union between graft and shaft progresses, the old intermediary callus, which is

derived from osteogenic tissue, becomes increasing!}'- protected from the trauma of motion

and increasingly subjected to the functional stimulus derived from skeletal support. These

forces convert the unhealthy callus into healthy callus, which then goes on to ossification.

If pseudarthrosis is present, callus grows into and obliterates the false joint space, where it

ossifies. The plaster dressing fixes the fragments for from two to three months and assures

maintenance of position.

There has been no opportunity for microscopic examination of the callus during the

period of transformation into bone.

There is much additional evidence that a fibrous union or pseudarthrosis may be made

to ossify, if the damaging effects of motion on the callus are- removed and the reparative

stimulus is restored by a bridge of bone. If an ununited fracture of the carpal navicular is

treated by the insertion of a bone peg through the interior of the bone across the fracture

line, the fracture unites; and what is left of the fibrous intermediary callus, after the peg

hole has been drilled, ossifies. Murray has recently reported 100 cases with ninety-six

successful results.

Ununited intracapsular fractures of the neck of the femur, with the fragments in good

position, have been observed to unite after the introduction of one or two intramedullary

bone pegs, without removal of the intermediary callus. The same may happen, if the bone

pegs are combined with threaded wires. In a well-performed Putti-McMurra}'- operation

for non-union of tKe~neck ot the lemu r, the medial portion of the merfiafiv disniaced cut end
of the distal Iragment usualh^ overlaps the under side of the neck, crossing the line of

ifffl-union in a manner similar to the short onlav graft employed in nnn-nnion nf the end of

shaft in other locations. This overlapping and the placement of the fracture of the neck

arrest 1^ o^eotom}'^ are two important factors in bringing about union of the fracture!!

An ununited fracture of the mid-shaft or subtrochanteric region of the femur witJi

aigulation of the fragments may be satisfactorily straightened without removal of the

intermediary callus; but, because of the danger of recurrence of the angulation in the cast,

it may be advisable to fix the onlay graft to the fragments with screws. In that event, we
have found that, if the intermediary callus has been left alone, it will ossify promptly, as
the graft and shaft unite; the patient may thereby be spared a more prolonged, traumatiz-
ing, and blood}'^ operation.

As we have had added experience with this operation, the indications for the use of

the simple onlay graft have been extended, until they now include the large majority of

ununited fractures of the shaft of long bones. In considering the treatment of such cases,
the first question raised is whether or not the result would be acceptable were the fracture
united in its present position, or, if necessary, after simple correction of angulation. If the
position of the fragments is satisfactory, the simple onlay-graft operation is performed.
However, if marked displacement or overriding is present, it is usually best to break down
the fracture and then fi.x the reduced fragments rigidly with an onlay-bone graft and
sciews, since displacement is likely to occur without fixation. Ununited fractures of both
bones of the forearm, -vyith angulation which restricts rotation, should be treated by break-
ing down the fracture line of one or BoflTb’dnes andTixing the fragmentTvYEhalT onlay graft
and screws. If angulation is slight or absent, the simple onlay graft is indicated. In case the
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BONE GRAFTS

An End-Result Study op the Healing Time *

BY LIEUTENANT COLONEL W. A. BISHOP, JR., MAJOR RICHARD C. STAUFFER,

AND CAPTAIN ALVIN L. SWENSON

Medical Corps, Army of the United States

INTRODUCTION

During the past few j’-ears, much valuable experience has been gained and consider-

able progress has been made as a result of the large number of bone-graft operations done

in militarj" hospitals. However, the problem of securing early union in a fracture which

failed to unite primarily is still far from being an easy one. Consequently, orthopaedic

surgeons should not accept too readily the favorable reports which continue to appear in

surgical journals. Too manj’- of these articles on bone-graft surgeiy represent a survey of

the literature, and would indicate that any type or modification of a previousty described

bone-graft operation had proved to be entirely satisfactory.

This folloAV-up stud}'’ was initiated in an attempt to work out the indications for the

use of the A'^arious types and modifications of bone-graft operations, as determined by their

respective merits, with the healing time under A'arious clinical conditions being used as a

guide.

The survey represents the authors’ experience with bone-graft operations at William

Beaumont General (Army) Hospital from June 1942 to September 1946. During this pe-

riod, 580 grafts of the long bones came under our observation; but, due to the nature of a

military hospital in wartime, adequate follow-up data are available on only 358 (61.7

per cent.) of this group. Approximately two-thirds of these bone-graft operations Avere

either done by the authors, or Avere carried out under their supervision or Avith their as-

sistance. Most of the other cases Avere transferred to the authors’ care during the conva-

lescent period, for further observation and treatment. The composite study appeared more
representatiAm and, therefore, more significant as a statistical report. Consequently, no
attempt has been made to separate the two groups, because it is the authors’ intention

to present the problems encountered in bone-graft surgery rather than to report a personal
series.

The results obtained bj'- the various types of procedures emploj'-ed are both interest-

ing and significant. This report is confined to a study of the healing time of the fracture

following a bone-graft operation; and Avas determined by’ the clinical condition and b}'- the
roentgenographic appearance of the fracture line and of the graft. It represents the time
intei'A'al in weeks up to the point at AA'hich sufficient union had taken place so that it AA'as

considered safe to alloAv restricted use of the upper extremity, or full Aveight-bearing,
usuallj' supported by a brace, on the loAA'er extremity.

Before the types of grafts used and the reasons therefor are discussed, it is significant
to point out that the majority of these ununited fractures represented the sequelae of
serious gunshot AA’ounds of the extremities. In many, there AA'as loss of skin and underlying
soft tissue, and often of bone substance. All too often, the comminuted bone fragments AA'ere

debrided in the earty treatment of the AAmund, resulting in a defect and non-union. Due
to the extensiA'e nature of these AA’ounds, considerable scar tissue inA'ariably formed about
the fiactine ends, resulting in the man}’’ unfaA'^orable factors inA'oh'ed in the healing
process, associated AA’ith diminution of the aAmilable blood supply. Full-thickness skin
fciafts of the pedicle type AA'ere necessary in 76 (21.2 per cent.) of the cases AA’hich AA’ere

J.nmmo’'^27,‘l947°
Meeting of The American Academy of Orthopaedic Surgeons, Chicago, Illinois,
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970 DISCUSSION

10. Plates should be used in conjunction with bone grafts when additional stability

is needed, but should never be used as a substitute for the proper type of graft.

Note: The contents of this paper do not necessarily represent the pohcy of the TJ. S. Army Medical

Corps. The ideas expressed are those of the authors, all of whom have resumed civilian practice.

DISCUSSION

Majob Genehal Noeman T. ICcbk, Washington, D. C.: I am dehghted to have the opportunity to

discuss these excellent papers on the various types of bone grafts in the treatment of non-union. Different

approaches as to procedure and means for the use of internal fixation have been presented, as well as an

excellent follow-up report of a large number of bone grafts. End results in regard to failure of union and time

of healing required, based on the method of gi-aft used as well as on the various bones involved, have been

shovm.

Dr. Phemister prefers the onlay type of gi-aft with no fixation except soft-tissue closure; and, in the begin-

ning of his paper, he states that this type of procedure is one for the treatment of selected tjqres of ununited

fractures. The results he shows are excellent. Possibly the type of case for this method is limited to those

shown by the author, as they would appear not to require firm fixation of the graft to assure stability of the

fragments after the plaster had been applied. It is questioned whether this method would succeed when there

was marked loss of substance or loss of stability at the fracture line, preceding the operative procedure.

I am sure there is complete agi'eement with Dr. Phemister that, with decrease in the stripping of soft tissues

from the fragment ends and in the extent of the operative procedure, there will be less disturbance to the

circulation to the part, less shock, fewer deaths, and less chance of infection. It is believed that a graft to

the external surface of the tibia, under a covering muscle, as he has apphed it, is a superior method to that

of placuig the graft on the inner surface, when consideration is given to blood supply to the graft from the

soft tissue covering it. However, I cannot agree wdth Dr. Phemister—and war experience clearly demon-

strated this—that a graft should be done at any time in any extremity when a sinus is present, connected

with the original fracture, or when there is scar in the extremity that might break down because of an opera-

tive procedure in that extremity.

Dr. Bishop and his associates report their observations with 580 bone grafts, which came imder their

care in one Army General Hospital in the war years of 1942 to 1946. Their statistical analysis gives a follow-up

on 358 of these cases and is a most interesting one, showing the healing time, the failures, and other statistical

data, as applied under different conditions to different bones by the presently accepted methods of bone-

grafting. This represents a great many bone grafts for the correction of non-imion and lost substance, fol-

lowing fractures in long bones, to be observed by any group in a four-year period.

These surgeons feel that rigid fixation of the graft to its bed by metal screws is essential, particularly

if earlj^ motion is to be instituted,—beginning at the end of six wmeks, on an average. One of the group

supplemented the graft with a steel plate and screws in thirty-eight of these cases, to add strength and sta-

bility. There was no apparent difference in the healing time in these cases, and there were no fractures m
this group.

The sliding mlaj^ type, used by this group at first, wms soon discarded, because it was felt that union

did not progress so rapidty as might be expected by the use of the massive onlay type of graft. Thus the

method devised by Albee was discarded; and the massive onlay type, used and publicized by Campbe ,

was adopted. There were thirty-nine cases in wdiich the inlay-type graft was used, with five failures, or a

percentage failure of 12.8. In doing an onlay-type graft, a massive graft was cut and about two-thirds of t e

thickness of the cortical shaft forming the graft bed was removed. This placed the graft in contact wit t e

medullary blood supply of the involved bone ends. This is a modification of the Campbell method, as Camp

bell removed only sufficient bone to make a flat bed to receive the graft. Phemister does not recommen

the removal of as much bone as this in the formation of a graft bed. Peterson reported several cases of bone

grafts to the femur before this Society in 1943, using this method of having the graft bed in contact

the medullary blood supply. He believed that this hastened union. In this I agree. Johnson pointed ou ,
m

experiments on dogs some years ago, that medullary blood supply was essential for union.

In this series, 144 cases are reported in which this method' was used, with twenty-three

failure of 16 per cent. This method involves a more extensive surgical procedure than that advoca e

Phemister, and interferes with circulation to the bone at least to 50 per cent, of its circumference.

Dual grafts, developed by Boyd, w^ere first used by this group in 1943; and apparently soon

the most popular method to meet the situation then confronting these surgeons in camg for non

It was the method of choice of these authore to bridge defects; to correct non-union adjacent

atrophic and sclerotic bone; and when a previous graft had failed. In this series 175 cases are
d,e

twelve failures, or a failure of 7 per cent. Failure to obtain union, then, ^vhen the type of graft use^

only factor considered, occurred more often in the massive than in the dual-type graft. Li

judged healing time averaged nineteen weeks wdth the dual graft, twenty weeks with the on ay >

twenty-seven w^eeks with the inlay graft, a general average of twenty w'eeks.
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972 DISCUSSION

Probably e shall have to change our opinion as a result of the experience in these papers, and use the

dual rather than the onlay graft for loss of substance and in meeting the problem presented by sclerotic and

atrophic bone. I have had no personal experience with the dual-type graft. I still feel, however, that all

scar tissue between bone ends should be removed before a bone graft is applied, unless that scar tissue is

needed for stabilitj', in that it limits the blood supply to the graft and to the fragments.

I am sure that the papers presented will give all of us new thought as to types of grafts to be employed

when we are confronted with non-union and lost substance in long bones.

Dr. George 0. Eaton, Baltimore, Maryland: Dr. Phemister has presented a vei’y simple method for

use m cases which are in reaUty very simple bone-grafting problems, in that alignment at the site of non-

union was satisfactory and needed no correction. This implies minimum operative trauma and, consequent!!",

minimum disturbance of the local circulation. The cases selected for this type of procedure are only 42 per

cent, of the total number needing bone-graft procedures. In the ten cases which he presents today and the

eighty-eight cases which he refers to, the percentage of successful operations is almost 100. These results are

testimon}" to the efficiency of the local circulation and to the relative lack of circulatory embarrassment due

to operative trauma. I doubt very" much if the percentage of unions would have been reduced by screw

fixation of the graft to the host. I should like to ask Dr. Phemister what method he uses for the more difficult

bone-grafting problems.

Dr. Bishop and his colleagues have given us their results and conclusions, based on a follow-up study

of 358 cases in which various types of bone-graft operations have been done by surgeons of variable ability.

One-third of their cases were done elsewhere, and were observed by the authors during convalescence. I

believe that their conclusions, based on so large a series, should form a reliable guide in estimating the rela-

tive chance of a successful bone-graft operation by the average surgeon. It is unfortunate that the types of

fracture could not have been classified as simple and compound. F.C.C. is a well-known term to many of us,

meaning fracture, compound and comminuted; the fracture was usually due to injury by high-velocity mis-

siles. This type of fracture was seen chiefly in combat troops in battle. Combat troops at rest or in training

and all other troops usually sustain simple rather than compound fractures. F.C.C. carries with it a variable,

but often very ex-tensive, degree of soft-tissue injury, including impairment of local circulation. The fac-

tors of damage to circulation and prompt and efficient immobilization determine, more than any other fac-

tors, the rate of healing of fresh fractures and of bone grafts. We have prompt union, delayed union, and

non-imion of bone grafts, just as we do of fresh fractures; and the factors which determine the rate of healing

are basically the same in both instances. A most important prerequisite to successful bone-grafting, particu-

larly on subcutaneous bones, is the removal of scar tissue overlying the bone and its replacement by a thick,

healthy- pedicle graft. Many- of us have seen union take place while we were waiting for the pedicle graft to

mature sufficiently to operate through it. Complete and sudden disruption of circulation in bone leads to

aseptic necrosis; partial reduction of blood supply to bone results in atrophy and demineralization. Green-

berg and Mohamed have produced delayed union of fractures experimentally in rats by partially ligating the

femoral arteries. Activity and use of a limb with an ununited fracture, but protected by a suitable brace, is

often indicated preparatory- to grafting, so as to rejuvenate a sluggish circulation. In Dr. Bishop’s series, the

highest percentage of failures occurred where there was marked decalcification of the fracture fragments.

Dr. Bishop’s paper is a very valuable contribution. Not many of us will be able to report follow-up

studies on 358 cases of bone grafts, particularly in the types of fractures seen in war surgery. He is to be con-

gratulated on his foresight in recognizing the value of such a study and in successfully carrying it out under

the difficulties presented by military- practice in wartime.

Dr. D. B. Phemister (closing) : With reference to the preparation of the bed for the graft, some of t e

speakers emphasized the advisability- of cutting away a good deal of the peripheral portion of the frag-

ments. Personally-, I strip the periosteum thoroughly, leaving a well-denuded surface; but I do not remove

any- more cortex than I have to, in order to create a level bed for the graft. The stimulus of removing t e

periosteum is enough to incite callus formation from the cortex, and the gi'aft itself also forms callus. It is le

combination of the callus from the two which brings about union between the fragments and the graf .

The advisabihty of using internal fixation in order to obtain early motion was mentioned. I believe

I have stretched a point in prolonging the immobilization during the period of healing of fracture^ open
^

upon by this method, because, in two patients who were confined to bed as a result of additional

did the operation without apply-ing a cast at all, and the fragments united just as promptly as m

cases in which casts had been applied. If some of the patients wth leg fractures were allowed to go on

without cast fixation, they would probably obtain bony union, and joint motion could be restored at an c.

date. However, I do not advise tliis as a routine procedure. j.^.

Dr. Eaton asked what technique I favor in case it is necessary to break down the fracture me a

^

align the fragments. I usually- use the same technique which is generally- used,—namely-, the app lea

{Continued on "page 976)
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TABLE I

Estimated Amounts of Chondroitin Sulphate and Alkaline Phosphatase in the

Intercellular Matrix of Cartilage, Ossifying Cartilage, and Bone

Developmental

Stage and T3-pe

of Ossification

Tj'pe of Tissue

Approximate Amount of

Chondroitin Sulphate

According to the

Present Investigations

Approximate Amount of

Alkaline Phosphatase

According to

Other Authors

Embi^mnic General mesoderm None (or slight) Large ®

Precartilage Just demonstrable Large ®

Protochondrium Large, increasing Rapid decrease ®

Perichondrium None (or moderate) Moderate (varying) ’

Endochondral

Ossification

“Hypertrophic” cartilage (vesic-

ular laj'^er)

Large, decreasing Increasing ’

Calcifjdng cartilage None Large ®

Embrimnic bone marrow and
osteoblasts

None Large ®

Newlj’' formed endochondral bone None Large ®

Perichondrial

Ossification

Diaphj^seal perichondrium at be-

ginning of ossification

None Large ®

Periosteal osteoblasts None Large ®

Newly formed perichondrial bone None Large ®

Intramembranous Preosteal osteoid Moderate

Ossification Osteoblasts

Newly formed bone

None
None

Probably large

Adult Cartilage

Perichondrium

Large

None
Absent 1 5.

»

Bone None (see text) Absent

'

Periosteum and endosteum (os-

teoblasts and capillaries)

None Moderate ^

is accompanied by a corresponding decrease in alkaline phosphatase. 2. Normal adult

hyaline cartilage, which does not ossify, contains in its intercellular matrix a large amount

of chondroitin sulphate, but little or no alkaline phosphatase. 3. The normal embryonal

ossification process is characterized by a rapid local disappearance of chondroitin sulphate,

and concurrently by the appearance of large amounts of alkaline phosphatase.

With the metachromatic staining technique, the author has usually not been able to

demonstrate any chromotropic substance in the perichondrium or periosteum (Table I).

Newl}’' formed embryonic bone (both endochondral and perichondrial) and adult bone are

free of histochemically demonstrable ester sulphates in the calcified matrix. This finding

is in accordance with that of Meyer, who, by chemical analysis, could not verify the

conception of earlier authors * as to the supposed content of chondroitin sulphate m

spong}^ bone.

The findings of the present histochemical investigation support the statements by

Logan and, to some extent, those by Hass, previously referred to. These findings, however,

give more information as to the actual site of depletion of chondroitin sulphate than those

by Logan. Obviously, the content of chondroitin sulphate is diminished in the vesicular

lajmr of the “hj^’pertrophic” cartilage, and almost all chondroitin sulphate has disappeare^

from the intercellular medium of the degenerating cartilage in places of osteoblast activity

Thus, it seems most probable that removal of the acid chondroitin sulphate is a prereqvisi^

for the action of the hone-forming osteoblasts. Corresponding observations have been ma e

intramembranous ossification (Table I).
a- ?-

The manner in which the removal of acid substance is effected requires some iscu

^
sion. We should consider the possibilities ofmore rapid absorption or inhibited pro uc i
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TABLE VI

Analysis of Forty Failures op Bone-Grapt Operations

Apparent Cause Inlay Onlay Dual
Total

No. Per cent.

Fracture of graft i

2 10 2 14 35.0

Infection with sequestration of graft 1 3 8 12 30.0

Sclerosis of one or both fracture fragments 0 4 1 5 12.5

Extensive decalcification of fracture fragments 1 3 1 5 12.5

Short graft (three inches or less) 1 2 0 3 7.5

Inadequate fixation near joint 0 1 0 1 2.5

Total cases of non-union 5 23 12 40 100.

0

A second or subsequent attempt to produce union was most successful with the dual

type of graft. Of the forty failures, subsequent repair was attempted in thirty-two cases

which were followed. Of the ten onlay grafts used, there were six delayed unions and four

non-unions. On the other hand, twenty-two dual-type grafts were used at a second or

subsequent attempt at repair, with only nine delayed unions and no instances of non-union.

SUMMARY
,

This study of the end results in the various types of bone-graft operations has per-

mitted a follow-up as to the healing time of 358 of the 580 bone-graft procedures which

came under our observation from June 1942 to September 1946. Approximately one-

third of the patients studied were transferred from other hospitals, and came under

observation during the healing period. No attempt was made to separate the two groups,

and the statistical tables represent a composite study.

There were 40 failures (11.2 per cent.). Of the remaining 318 cases, there were 34

inlay grafts with an average healing time of twenty-seven weeks, 121 onlay grafts with

union in an average of twenty weeks, and 163 dual-type grafts that had union by an
average of the nineteenth week. Of this group, 180 (56.6 per cent.) had delayed union
beyond the sixteenth week. The distribution as to type and percentage of the grafts with
delayed union was as follows (Table V): inlay, thirty-one (91.2 per cent.); onlay, seventy

(57.8 per cent.); and dual, seventy-nine (48.4 per cent.). These end-result figures are

particularly significant in view of the different types of clinical conditions for which the
three types of grafts were usually employed.

Delayed union of bone grafts, used for the bridging of defects, occurred in five of eight
cases in which the inlay type of graft had been used, and also in five of eight cases in which
the onlay type of graft had been used; there were three instances of non-union in each
group (Table VII). However, of the 112 dual grafts used for the bridging of defects,

there were only twenty delayed unions and no failures without complicating factors.

Failure of union near joints was treated very successfully by the dual-type graft,

there being only four cases of delayed union and no non-unions without other cause
among fifty-four cases (Table VII). All inlaj’- grafts resulted either in delayed union or
non-union; and onlaj'- grafts were unsuccessful in four cases and united after delay in six
of sixteen cases of non-union near a joint.

Sclerosis of one or both of the fracture fragments was present in forty-seven cases.
Of the five inlay grafts used in this type of case, there were four dela3’’ed unions and one
failure of union. Seventeen such cases had onla5’- grafts, with ten delaj'-ed unions and
five non-unions. However, of the twenty-five dual-type grafts emplo3’’ed in the presence
of sclerosis, eighteen resulted in dela3'^ed union and one in non-union.

Severe decalcification of the fracture fragments was present in forty-nine of the cases

VOL. 21, NO. 4, OCTOBER 1947
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DISCUSSION

Bone Grafts

{Continued from page 972)

onla.v grafts fixed with metal screws. On the tibia, a modified Hoglund operation, with sliding intraniedullai}’

and onlaj" grafts, gives excellent results.

Dr. W. A. Bishop, Jr. (closing) : General Kirk made the statement that, in the latter part of our seiies,

we discontinued sliding inla3’’ grafts. I do not want to leave that impression. Due to the type of condition

encountered hi the series, and to our experience with the prolonged healing time of the inla3
'^ graft in all but

the dela3"ed unions in which an active healing process was present, that type of graft was considered to have

few indications. As to the dual-t3^pe graft versus the massive onlay graft, we wish to repeat that the massive

onla3’’ graft is the choice in the uncomplicated cases of non-union of the long bones. However, as was orne

out b3' the statistical reports, the dual gz'aft should be used for the earliest return of function, under

circumstances listed in the Summary.
I am Sony that we are unable to tell 3mu the number of compound, comminuted fractures in the

^
As a general statement, in the early da3’’s, there were an estimated 30 per cent., but, near the close o

War, the non-unions with earb”^ compounding of the wmund had increased to as high as 95 pei cent.

^
As to infections, the rate increased as the series progressed, for two apparent reasons. In the first p

we were dealing with a much more serious type of case, ivhich had eventually reached the stage i

treatment at which bone-grafting was indicated. Also, the administration of penicillin to gi-eat

patients who had never received it before resulted in the prevention of infection in all cases; but as jmn^

treated cases—some with penicillin-resistant organisms—came to bone-graft surgery, the drug w as n

tive where it was needed most, and the percentage of infections increased rapidbn
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studied. Four inlay grafts resulted in three cases of delayed union and one of non-union;

nineteen onlay grafts resulted in delayed union in fifteen and failure in four; and, of the

twenty-six dual-type grafts used in this condition, there were twenty-two delayed unions

and one non-union.

A second or subsequent graft after an initial failure also resulted in slow union.

In this group, there were ten onlay grafts Avith six delayed unions and four repeated non-

unions. However, of the twentj'^-two dual grafts used after a previous failure, there were

only nine delayed unions and no non-unions.

Fracture of the graft occurred in twenty-five of the cases. Of these, fourteen appeared

to be the direct cause of non-union, and eleven healed in an average of twenty-seven Aveeks

from the time of the fracture.

PostoperatiA’^e infection Avas encountered in thirty-nine cases. In thirteen of these,

there Avas sequestration of the graft; and failure of union oceurred in all but one. In the

tAventy-six cases Avithout sequestration, delayed union oceurred in thirteen cases, and in

one other case a fracture of the graft failed to unite.

Short grafts are seldom, if cA'^er, indicated. Of the tAventy-one grafts AA'hich Avere three

inches or less in length, tAvetye resulted in delayed union and five in non-union.

Failure to provide a flat surface for the reception of the graft Avas obvious in thirty-

fiA’^e cases, there being thirteen delayed unions and tAvo failures in the series.

The use of plates in conjunction AAuth bone grafts Avas employed in three inlay grafts,

twenty-three onlay grafts, and tAvelve grafts of the dual type. The healing time Avas the

same, Avith or Avithout the use of the plate. There Avere no fractures in this group of thirty-

eight cases, and early mobilization Avas possible in all instances.

Adequate fixation of the graft AAuth screAvs Avill permit early mobilization of the ad-

jacent joints. When this routine Avas folloAA^ed, it resulted in marked reduction of the length

of the convalescent period, and often in reduction of the proportion of patients Avith

permanent disability, as compared to similar cases treated by other methods.

CONCLUSIONS

The ten rules in bone-graft surgery for the early return of function are as folloAvs:

1. Inlay grafts (Albee type) should be used only in cases of delayed union, Avhere

an actWe healing process is already present.

2. Onlay grafts are the choice in the uncomplicated cases of non-union of the long
bones. I

I
|

3. Dual-type grafts are indicated as folloAVs: (a) to bridge a defect ; (b) to repair

non-union near a joint: (c) in the presence of markod d oca loification of the ends of the
boM; (d) Avhen there is sclerosis of one or both of the major fracture fragments; and (e)

Bdien a prwious bone graft hns failed}

4- The remoAml of at least tAvo-thirds of the thickness of the cortex in the preparation
of the bed for the reception of the graft aaoU result in earlier union and feAA'er failures.

5. Careful stripping of the periosteum to give a continuous sheet at the time of ex-
posure and the judicious use of one or more longitudinal slits in the periosteal cuff on the
side opposite the graft aaoII alloAA’’ the soft-tissue covering of the bone to be shifted forAvard
and to be sutured Avithout tension, AA'hen onlay or dual grafts have been used.

6. Short grafts are seldom, if eA’^er, indicated. Onlay grafts should approximate seA'^en

inches, as nearly as the particular bone inA’^oh’^ed and the site of the fracture Avill permit.
7. A second or subsequent attempt at repair should be made AAuthout delaj'’, following

the fracture of a graft.

S. Early mobilization of the inAmU’^ed extremity Avill reduce the temporaiy or per-
manent disability, or both.

9. Rigid fixation of the graft is mandatory, if earl5
' superA^ised use of the extremity

IS to be practised.
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position from the back to the front of the humerus was of no assistance, as the gain

in length is present onl}'- A^hen the elbow is flexed.

PROCEDURE

Invariably, patients were admitted in shoulder spicas, which usually had been applied

at the time of the primaiy debridement. The wounds were closed by delaj'-ed primary

suture, and a Kirschner wire was inserted through the olecranon. Until all the sutures

could be removed, the limb was placed in overhead traction (Fig. 1) which had the

following advantages:

1. Oedema was diminished markedly, hastening

wound healing.

2. Daily electrical stimulation of the muscles of the

exposed forearm was possible.

3. Traction force could easily be evaluated to permit

alignment, but without distraction of the fragments.

In approximate!}’' two weeks, the stitches were removed,

and a shoulder spica Avas applied Avithout discontinuing

traction. The Kirschner Avire Avas removed at this time.

In those cases in AA’hich a large nerve defect AA’as

suspected, comparative roentgenograms AA’ere taken of

the fractured bone and of its felloAA’ on the normal side.

Thus it AA’as learned that, in tAvo of the cases (Cases 1

and 2), shox’tening of 1 centimeter and of 3.8 centimeters,

respectively, had existed prior to operation.

Tavo AA’eeks after the skin Avound had healed com-
V . J

I

>

jr.
‘li,

Fio 1

Fig. 1

Illustrates type of traction employed immediately after secondary

closure, and mamtained imtil wounds had healed. Arm is suspended

above chest by AA’ire through olecranon. Weight is adjusted so as to

balance arm Aveight and to cause no distraction of fragments. Pres-

sure diessingand elevation reduce oedema. Forearm is readily avail-

able for galvanic stimulation.

T3’pe of cast emplo3-ed after discontinuation of traction, but prior to combined
'..jation of

cast was applied immediateb’ after operation. Window s_ are placed in cast to permit

parah’zed muscles b3’ galvanic current. Finger extension is aided b3’ elastic bands.

/’xtvt *51
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These are most intcresliiif; oliscrvatioiis on success and failure as regards various types of grafts used,

although many othei factors arc considered to have a bearing on healing time and success of union.

More interesting to me than the statistical .studies are the successful results,—the union secured.

There were a total of forty failures, or 11.2 i)er cent, in this .series. Yet the indication for bone-grafting was

for bridging bone defects of from one to five inche.s in 12S cases, m.arkcd dccalcification of fiactuic fiagmcnts

in 49. and sclerosis in 47. There were undoubtedly soft-tissue loss, moderate to severe chronic healed osteo-

myelitis. anvl circulatory insunicicucy; and extensive scarring surely followed those gunshot wounds which

required preliminary excision and adequate skin coverage before bone-grafting could be attempted. I

wonder in how many of these 35S cases the fracture had been comiwunded and comminuted by the original

injury or by the surgeon first treating the case, and how many of them had been infected, either slightly or

severely.

Fracture of the graft accounted for fourteen or 35 per cent, of the failures. This may be attributed, from

a practical standpoint, to improper mobiliz.ation or protection; or again it might be the fault of the patient,

and result from a condition over which the surgeon had little control. “Pilot error” accounted for 7.5 per

cent, of failures,—the graft was three inches or less in length. Infection was responsible for only twelve or

30 per cent, of the cases which failed.

It is interesting to compare the low incidence, twelve cases or 3.3 per cent., of graft loss from infection

in this series of 358 cases in World War II with a loss of twenty-two cases, or 17 per cent., which occurred

in 129 cases reported by me in 1924 from World War I. Chronic osteomyelitis was the rule in the majority of

cases in World War I follon-ing compound fractures. The control of infection required months of treatment,

and this resulted in non-use and atrophy of muscles and bone. Bone-grafting was not attempted until the

wound had been healed sLx months or more, with the revision of the wound scar tissue and its removal and

skin coverage. In this War better primary surgery, assisted by sulfonamides and penicillin, as Dr. Phemister

has pointed out, reduced osteomyelitis to the minimum and permitted definitive surgery several months

earher than in World War I. The onlay and dual methods of grafting were unknown at that time. Henderson

used and taught the use of the massive graft, which was the graft ordinarily used.

The only failure in twenty-eight bone grafts for non-union followdng simple fractures, or in which

there had been no preaious infection reported by me at the same time, was one “fishtail” graft in an ulna,

which was too small. This was the “pilot error” again. There were no infections in these twenty-eight cases.

Kangaroo tendon and catgut were used to secure grafts in those days, following the teaching of Albee. No
screws were used in my series. Kangaroo tendon or catgut in this devitalized tissue and bone frequently acted

as a foreign body and caused failure. For that reason grafts were made self-retaining, wherever possible.

It is felt that the preparation of the graft bed in regard to the soft tissue and the skin covering of the

extremity is more important than the selection of the graft to be used, and that this must be accomplished

before the graft is attempted.

1 am sure that Dr. Phemister is correct when he states that the incision through which the graft is done
should be in tissue undamaged at the time of the injurj', if this is possible. Too often, in war wounds and in

severe compound fractures, it is not possible.

In selecting the tjqje of graft to be used for non-imion and loss of substance in shafts of long bones, in

the diaphysis, and in flat bones, as has been pointed out in these papers, one must consider certain factors

and others which I want to discuss. In a paper before The American Orthopaedic Society last year, Abbott
recommended the use and showed the advantage of iliac bone as a graft in the diaphysis of long bones, for

non-imion in flat bones and cortical bone, and for non-union and lost substance in the shafts of long bones.
I heartily agree, from my present experience. We had felt, until this analysis was made, that the massive
onlay-tjqje graft was the graft of choice for non-union, with or without lost substance, in the femur and
humerus and, in a modified form, in both bones of the forearm; and that it should be fi-xed securely with
screws and should be in contact with the medullary blood supply. We felt that this graft should be of suffi-

cient size to give stability as an internal splint when applied, that it should be supplemented with cancellous
bone from the tibia or ihum; and that in the bones of the leg an inlay-tjqie transplant from the good leg, made
self-retaining, was the procedure of choice and far superior to the sliding graft in a bone, w’hich disturbed its

medullary blood supplj'. Sclerotic bone presents a problem, particularly in the t5q3ical pseudarthrosis. Per-
sonally, I look upon sclerotic bone as scar tissue of bone in which there is no blood supply and, frequently,
through which no new blood chaimels can be formed. I believe that its removal is indicated except for a
supporting bridge to a graft, and that the scar tissue between the sclerotic ends should be removed for the
same reason. In bone which is atrophic from lack of blood supplj'', infection and non-use frequently produce
a cortex no thicker than an eggshell, through which one can easily push a hemostat. The medullary canal
is filled with fat. In this tj^pe of bone it is impossible to fi.x an onlay graft with screws, as there is not enough
cortical bone to hold. Neither can an inlay be made into such bone and secured there. A dual-type graft must
e ^ed to secure the screw to the fragments of the bone end. This is the tjqre of bone in which an intra-

medullary graft can be used, after the ends of the fragments have been removed. E.xtensive stripping of
^nosteum is, therefore, not necessarj” it does not interfere with medullary circulation, nor does it deprive
the bone fragments of the cnculation that is present at the time of surgery.
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pletely (o'ith loss of the last crust), a nerve exploration was done. Block of the brachial

plexus was produced with procaine. A straight, oblique incision, beginning three finger-

breadths below the acromion posteriorlj'^ and paralleling the lateral border of the long head

of the triceps, was extended to the dorsolateral surface of the forearm, following approxi-

mately the course of the radial nerve. The cubital-flexion crease was avoided bj'^ having tiie

incision pass just anterior to the lateral epicondyle. (Old scars were excised, Avhenever

possible.) The segment of nerve between the teres major and the lateral head of the triceps

was exposed bj^ separating the long head from the lateral head of the triceps, and retracting

the lateral head of the triceps outward. Additional exposure at the proximal end may be

obtained by section of the combined musculotendinous insertions of the teres major and

latissimus dorsi with the arm abducted, and then by adducting the arm to the side. The

segment of the nerve distal to the penetration of the lateral head of the triceps was exposed

anterior to the intermuscular septum. The deep branch of the radial nerve, which pene-

trates the brachioradialis, was exposed bj’- retracting this muscle group volarward. This

exposure, although interrupted bj^ the intact fibers of the lateral head of the triceps above

and of the brachioradialis below, seemed superior to the posteifior approach described by

Hemy, because it allowed extension into the forearm and gave adequate exposure to the

dorsal antibrachial cutaneous nerve, which was frequentl}'- severed.

The nerve was identified above and below the lesion, and was dissected free. The defect

of the nerve was not alwaj’s exactly at the site of the fracture. Occasionallj'' it was found

that a missile had passed obliquely through the extremity and had injured the nerve at a

point distant from the site of fractiu’e. After the nerve lesion had been disclosed, an esti-

mate was made of the amount of nerve defect to be overcome; the nerve ends were freed

from the scar; and the nerve trunk was mobilized as far proximally and distalty as would

contribute to approximation of the segments. It is noteworth}'’ that adhesions of the nerves

to the osteoid tissue at the site of the fracture were especiall}’’ dense. If it were decided that

the bone was to be shortened, the nerve ends were first packed awa}'' from the fracture

site.

METHODS OF BONE SHORTENING

Under normal conditions,^ bone grafts would have been

substituted for the methods used in at least two of the cases.

The methods used were as follows:

A. Trajisverse Parallel Section

Transverse parallel section of the fragment ends, v ith the

flat surfaces left to be adjusted by coaptation and held } ^

plate, was carried out in Case 3 (Figs. 3-A, 3-B, 3-C, and 3- )

Although union occurred in this case, there was the lisk t la

absorption at the fracture line might have led to non-union,

because the fragments were held apart bj’’ a plate.

B. Step Method

In the step method, apposing flanges from

overlap and are held bj'’ a plate (Case 4). Although this me i

provides maximum surface appro.ximation and stani.'>^^^^

requires almost intact fragments upon which to fas non

flanges, and hence is rarety applicable (Fig. 4-C).

Fig. 4-A

Case 5. Patient was injured March 24, 1945. aftc'’

carried out 6ve da5’’s after injury, and combined

injurj'. Roentgenogram of fracture, taken on April 1. lu a.
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CARTILAGE AND CHONDROITIN SULPHATE

11. CHONDROITIN SuLPIIATK AND THE PlIYSIODOGICAD OSSIFICATION OF CARTILAGE*

BY BENGT SVLVliN, M.D., .STOCKHOLM, SWEDEN

From the Department of Radiopalbologi/, Radiiimhcmmct, Stockholm

The normal endochondral and perichondrial ossification processes are characterized

by degeneration and subsequent digestion of cartilage, as it is replaced by bone. Leaving

the well-known morphological descriptions and turning instead to the actual happenings

and main factors governing the ossification process, we are faced with complicated chains

of cooperating events. The closed structure of the preosseous cartilage is suspended, and

the same cartilage is confronted with a multitude of new biological factors, such as the

primitive bone marrow with its fibroblasts, capillaries, and numerous enzymes. The

destruction of cartilage, so easily brought about by the cells of the primitive bone marrow,

is probably due to the action of proteolytic enzymes, which have not yet been demon-

strated. Concurrently, lime salts are laid down by the action of osteoblasts, which probably

produce alkaline phosphatase, a group of enzymes playing an important role in bone

formation and calcification Histochemical investigations show that the intercellular

medium of normal hyaline cartilage (tracheal or bronchial) is devoid of alkaline phospha-

tase but, in places where ossification is going to occur, large quantities of this enzyme

have been demonstrated

Incomplete quantitative data as to the changes of chondroitin sulphate during the

ossification and calcification of cartilage are to be found in the literature. Logan stated that

calcification of cartilage was preceded by a loss of organic sulphates,—namely, a loss of

chondroitin sulphate. Thus he found a decrease in the acid constituent of cartilage, and
this was considered to favor the precipitation of the inorganic salts. The same results were

reported by Hass, who analyzed the content of chondroitin sulphate in human costal

cartilage. He noted a gradual depletion of the ester sulphate vdth increasing age, and
thought the mechanism for the maintenance of the intercellular matrix to be deteriorated.

Hass made the interpretation that “...maintenance of a high level of chondroitin-

sulfuric acid is a device by which cartilage is protected against calcification”.

The investigations mentioned are of special interest, and pertain directly to the histo-

chemical results to be presented.

Some young rats (from one to twenty-one days old), rat embryos (25 and 34 milli-

meters in length), and one human foetus (82 millimeters in length) were employed in this

study. Sections from Anlagen of occipital bone, mandible, nose, hands, legs, feet, and
fingers were used. After fixation in basic lead acetate (4 per cent, aqueous solution) or in

formaldehyde solution, parts of the skeleton were sectioned without previous decalcifica-

tion. Staining was performed with toluidine blue (0.1 per cent.) in alcohol solutions of

different concentrations (1, 30, 50, 60, and 80 per cent.), according to the technique de-
scribed previous^ by the author All sections were of the same thickness (5 microns)
and were treated in exactly the same manner. Thus, according to statements in the first

portion of this report the content of chondroitin sulphate could be estimated approxi-
mately, and the occurrence of this substance could be localized histochemically.

The present observations are recorded in Table I; and a comparison is made with
available data on the occurrence of alkaline phosphatase in the corresponding tissues,
according to other investigators.

From the results in Table I, the following conclusions are fairly evident; 1. During
the earR^ embryogenesis of cartilage, the gradual increase in content of chondroitin sulphate

* Aided by grants from l\arolinska Institutet and from Consul General A.vel A.vrson Johnson, Stockholm.
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Fig. 5-A 7:;:;

F’o- «; A • p •

ten daj^s aftennjurv^and*comhFi^.^*^rfnof
mortar, January 26, 1945._Secondary closure was performed

gram of the fracture.’
operation sixty-two days after injury. Sliows original roentgeno-

^
g howing details of piocedure. Note ability to lengthen or shorten by sliding the fragments.

wm

Fig. 5-D

j
immediately after combined neurorrhaphj' and bone shortening

lioi.pn+ + +
^ oblique method. Distal oblique fragment was comminuted, but was sufficient!) a

nerent to act as one piece.
’

Fig. 5-D. Roentgenograms taken Januarj’^ 29, 1946, nine months after operation. Bony union "O'

complete in five months, and motor regeneration of radial nerve was 75 per cent, after ten montfi«-
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of choiKlroitiii sulphiilc, but Uiis probubly occurs by disintegration of tlie ester sulphate

in question. It was empliasizcd in a previous paper that the native chondroitin-sulphate

molecule presents a remarkable suscojitibility to weaklj'’ alkaline . reactions. A shift in

hydrogen-ion concentration to tlie alkaline side seems to be sufficient to depolymerize the

chain molecule, whieh would explain the histochcmical observations. Several other factors

might also be involved -namely, i)rotcolytic enzymes and other enzymes—but lack of

additional data prevents further discussion.

Avoiding all teleological allusions to the "protective action" of chondroitin .sulphate ^

we may summarize the present results as follows: The embiyonic h.yaline cartilage con-

tains an acid intercellular substance. One of the first demonstrable changes, when ossifica-

tion and calcification arc initiated, is found to be a disappearance of this acid material.

After the removal of chondroitin sulphate, the specific osteoblast activities are exerted. The

precipitation of lime salts is directed by alkaline phosphatases, which demand an alkaline

reaction for hydrolytic activity The increased alkalinity is probably effected by
the primitive bone marrow with its blood vessels. The same mechanism seems also to be

sufficient for explaining how tlie chondroitin sulphate is removed from the preosteal

cartilage.

As to the "oversimplified interpretation" of Hass, actuall}'' the chondroitin sulphate

of cartilage can not be regarded as a protective mechanism against calcification. With
reference to the previous conceptions we have to retain the opinion that chondroitin-

sulphuric acid, by its acid reaction, in a general wa}’' favors some enz3'^me reactions, while

inactivating other enzyme sj’’stems. Furthermore, the intercellular medium of normal

adult cartilage is devoid of alkaline phosphatase and thus the precipitation of lime

salts is prevented.

A decrease in the content of chondroitin sulphate is also noted under physiological

conditions^®, in amianthoid degeneration, and in fibrous metaplasia of cartilage This

the author has been able to confirm from his own material. Such conditions are not neces-

saril}’- combined with calcification.

’ SUMMARY

Bjr means of the metachromatic staining technique, the distribution and approximate
amount of chondroitin sulphate in embiyonic cartilage were studied during the ossification

process. Previous statements by Logan have been corroborated, and additional data are

presented. Thus the ossification of cartilage is evidentl)'’ preceded b}'’ a loss of chondroitin
sulphate, which begins in the "lypertrophic” vesicular lajmr of cartilage. In places where
osteoblast activity is actuallj'' exerted, all chondroitin sulphate has usually disappeared.
The disintegration of the ester sulphate is probabl5'’ effected bj'^ a shift in hydrogen-ion
concentration, bj’' enzj'^me action, or both. From a morphological point of view, the ingrow-
ing blood vessels and fibroblasts of the primitive bone marrow carry the active mechanisms
which are transferred to the intercellular medium. The destruction and removal of the
chondroitin sulphate seems to be a necessaiy link in the chain of events producing an
alkaline medium, which is a prerequisite for the action of alkaline phosphatase.
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TABLE I

Summary of Clinical Findings

Case

Time from

Injuiy to

Secondary

Closure

{Days)

Time from

Secondaiy

Closure to

Combined
Operation

(Days)

Time from

Injuiy to

Combined
Operation

(Daijs)

Direction of

Missile

Through
Arm

Area of

Bone Com-
minution

(C»n.)

Amount
of Bone

Shortening

(Cm.)

Nerve

Tissue

Resected*

(Cm.)

1

E. G. B.

25 43 68 Posterior to

anterior

9.0 5.0 4.0

2

R. A. F.

10 52 62 Posterior to

anterior

10.0 7.0 4.5

3

F. W.
12 47 59 No record 1.0 2.5 5.0

4

L. C. S.

13 47 60 Lateral to

medial

7.0 4.4 5.2

5

C. E. T.

5 35 40 Anterior to

posterior

2.0 3.0 5.0

6

C. L. P.

24 43 67 No record 1.0 3.5 5.0

7

E. H. S.

17 22 39 Anterior to

lateral

8.0 4.4 8.0

s

M. N.

IS 75 93 No record 5.0 2.5

$

5.0

Averages 15.5 45.5 61.7 5.4 4.0
5.2

* This is the actual amount of tissue resected, not the length of the gap between nerve ends.
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INTERNAL FIXATION OF BONE AND NEURORRHAPHY

Combined Lesions of Radial Nerves and Humerus Fractures

BY MAJOR WILLIAM K. MASSIE AND MAJOR ARTHUR ECKER
,

Medical Corps, Army of (he United States

Before the recent advances in chemotherapj’', when a wound resulted in a severe lesion

of a peripheral nerve, together with a compound fracture, the fracture was treated first and

the nerve injurj’^ later. Such precedence was required especially in war wounds, because of

the considerable risk of infection. Paralyzed muscles were immobilized in plaster for many
months, which resulted in incapacitating muscle atrophy and stiff joints. The addition of

sulfonamides and penicillin to judicious surgery has permitted more prompt healing of

contaminated wounds, and the relatively earlj’’ use of non-absorbable materials for repair

of both bone and nerve. As the risk of infection has diminished, more vigorous measures

have been used to maintain and to restore the function of the limb. Galvanic stimula-

tion begun a few days after injury, has minimized atrophj'^, tended to maintain the

blood supply of paralyzed muscles, and prevented adhesions of tendon sheaths and con-

tractures of joint capsules. Furthermore, earlj’' surgery on the peripheral nerves has

brought regenerating nerve fibers to paralj’zed muscles manj’ months, and sometimes

years, earlier than was the case formerlj’’, ivhen attention was directed primarily to the

healing of the compound fracture.

In the early months of 1945, the authors had under their care, in a General Hospital

in England, more than two hundred cases of severe nerve lesions, associated with fractures

of the long bones. The majority of the wounds had been caused by shell fragments. These
cases were treated according to a program laid down by Spurling. This group included

eighty-four cases of humerus fracture, in which exploration of the radial nerve was carried

out within a few weeks of injury. In all except two, either neurolysis or satisfactory anasto-

mosis Avas performed. Of the total group of eighty-four cases, forty-one (48.8 per cent.)

required neurolysis only; thirty-five (41.7 per cent.) required nerve suture only; and eight

(9.5 per cent.) required internal fixation of bone with shortening, and nerve suture. Each of

the eight cases presented a radial-nerve lesion, associated with a compound fracture of the
humerus. This report Avill be confined to an analysis of these eight cases, Avhich had
slightly less than a j’ear of folloiv-up studj'^, and a discussion of the treatment used.

Bone shortening is mentioned in the literature, for the most part, as a means for

equalization of limb length Few actual cases have been reported of shorten-
ing of a bone to allow neurorrhaphy, hmvever, although the procedure has been considered
for manj’ years 27_

BONE FIXATION AND SHORTENING

It has been shown by Platt that the existence of non-union of fractures, contiguous
AA ith sutured neiu’es, has retarded and preA’ented recoA’ery, because of tension and friction
at the suture sites. In the present series, neurorrhaphy Avas done at an aA’erage of 61.7 daj’s
after injuiy. At this time, the likelihood of non-union could be predicted Avith fair accuracy.
In foul of the eight cases, non-union could haA’e been expected, if no operatiA’e intervention
lad been undertaken. In eveiy instance, after each neiu’e segment had been freed from its
bed and resected back to normal-appearing nerve bundles, the hiatus Avas too great to be
OAeicome bj’ flexion of the distal portion of the extremity AA'ithout approximation of the
nei A e ends under considerable tension. Rather than to suture under prohibitive tension,
with the knowledge that, as the extremity Avas subsequently extended, this tension would
be increased, skeletal shortening Avas elected. Danforth’s method of radial-nerve trans-
A'OI.. 29, XO. 4, OCTOBER 1047
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This patient was checked bj*- one of the authors, and the angulation does not seem to inter-

fere in any way with function. The permanent effect of the shortening is a little difficult

to assess. The flexion contracture of the elbow noted in each case is also quite apparent in

humerus fractures of comparable extent, which have been immobilized for prolonged

periods However, this should improve steadily, if the muscle power of the biceps and

triceps has not been weakened. All examiners, upon whose opinion we must rely for this

follow-up studjq agree that muscle power appears normal and that flexion contracture is

the result of capsular contracture due to immobilization.

RESULTS OF XEURORRHAPHY

The data for this report were collected on an average of 8.4 months after neuror-

rhaphy (Table I), so that end results of nerve regeneration could be obtained in only

Cases 4 and 5. In Case 4 there was complete recovery in ten months with only mild

hypaesthesia
;
in Case 5, return of both sensation and motor function was considered com-

plete in six months. The brachioradialis was rated as poor (25 per cent.). AH other muscles

were rated as }707'mal (100 per cent.). Cases 1, 2, 3, 6, 7, and 8 seemed to be progressing well

at the time of reporting, with partial return (Table I). A'oluntary muscle return was rated

as normal (100 per cent.) in one case, good (75 per cent.) in three cases, and fair (50 per

cent.) in the remaining two cases. The pi'ogression of the Tinel sign suggested that further

improvement could be expected. The value of this test, however, is not be3mnd question.

DISCUSSION

The authors believe that shortening of the humerus is indicated in certain cases, such

as those of this series. It permits neurorrhaphj’- to be done materially earlier, and the

results are not jeopardized by tension and traction '^)f the concomitant unstable fracture.

Fig. 7-A Fig. 7-B
• ht endny=

Fig 7-A: Case S. Patient was injured March 4, 1945. Secondary closure was carried out
^

after injury, and combined operation ninety-three days after injurju Roentgenogram of in ’

Slarch 5, i945.
, ^ ._„,i 9 5 centime

Fif. 7-B: Roentgenograms taken January 28, 1946. At operation the bone
trating bothFig. : Koentgenograms taKen January 'Zis, At operation tne Done n;

ters.'rhe oblique fragments nere prevented from telescoping by a single „y\inion

fragments. Anteroposterior angulation was prevented by a double wire figure of eignr. ^

complete in three and one-half months. Motor regeneration was 7o per cent, alter se
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INTIillNAL FIXATION OF HONK AND NKUIlOKIiriAI’HY

Fig. 3-A Fig. 3-B

Fig. 3-A; Case 3. Patient was iniured by shell fragment on October 1, 19^4. Secondary closure was
carried out twelve days after injury, and combined operation fifty-nine days after injury. Roentgeno-
gram of fracture, October 1, 1944. a

Fig. 3-B: Roentgenogiams following combined neuioiihaphy and bone shoitening; a 2.5 centimeter

transverse section of bone was lemoved on December 1, 1944. The fractuie was solid at the time’of

operation. Note gap between fiagments. Absorption at fractuie site may increase this gap.

Fig. 3-C

Showing method used.
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Fig. 3-d
Bonj-- union complete in five months. Complete regeneration

of motor fibers of radial nerve in ten months.
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average of at least three weeks, and made it impracticable to treat these patients in (lie

Zone of Communications.

In Table I is recorded the area of the comminution in centimeters. When compared

with the actual amount of bone shortening attained, it is obvious that in most cases (lie

shortening was accomplished without the ablation of an}'' uninjured bone.

Correlation of the amount of bone damage to the amount of nerve resected depends

upon such variables as the immediate care after injury, and the direction and speed of the

missile. Only very broad and indefinite conclusions can, therefore, be drawn. It was noticed

repeatedly, and is borne out b}'' perusal of Table I, that missiles which entered from such a

direction as to hit the bone before they reached the nerve caused more extensive damage,

and that the damage was inversely propoi’tionate to the speed of the missile.

Penicillin was used before and after operation in each case. The authors are convinced

that the absence of any infection, following a major procedure performed on an extremity in

which open gi’anulation had so recently been present, was due to the use of this substance.

stjAimary and conclusions

1. Eight cases of compound fracture of the humerus with radial-nerve laceration were

treated by neurorrhaphy and bone shortening within an average of sixty days of the injury.

2. Bon}’ union was complete in all cases.

3. Nerve regeneration was progressing satisfactorily in all cases, but was complete in

only two at the time the patients were last seen. The importance of early and adequate

galvanic stimulation of paralyzed muscles is stressed.

4. No ill effects are demonstrable from shortening of the humerus up to one-fifth of

its length.

5. Earl}’- nerve suture is of paramount importance.

6. When suture necessitates prohibitive tension on the nerve, either at operation or

during postoperative stretching, concomitant bone shortening in the arm is feasible. At

present, this is considered preferable to tendon transplantation in the forearm at a latei

date.
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C. Appoi^ition of Oblique Fraqmciito

Apposing surfnccs of oblicpio fi'agmonts arc fixed by a plate, and a screw is placed

across (he frae(uro a( righl angles to the plate-". This method can be used most frequently

(Cases 2, o, b, and 7), because the eomminuted fragments arc usually shaped obliquely.

The exact amount of shortening can be altered, even after the surfaces have been ground

to fit, merely by sliding the (wo .surfaces over each other (Figs. 5-A, 5-B, 5-C, and 5-D).

D. Scmi-Riqid Fixation

This is less desirable than methods of rigid fixation, but in certain conditions it is the

only method applicable.

1. The use of one or more screws to hold badl}" comminuted fragments in place is

mentioned onlj’’ to point out that it is \insatisfactory. It is neither rigid nor elastic, and any

strain at the fracture site tends to dislodge the fragments and to promote non-union. This

method was not used on any patient in this series.

2. Wire fixation, applied in any pattern which will maintain the fragments in approxi-

matelj’’ the position attained at operation, was used in Cases 1 and 8. Figures 6-A, 6-B,

7-A, and 7-B illustrate two situations in which plates could not be used. Such massive

destruction was present in Case 1 that the mam fragments could not be approximated. A
large separate fragment was utilized as a bone graft to bridge the defect, but it was too

porous to fix with screws. In Case 8 the distal fragment was too close to the joint to permit

the use of a plate. However, after wire fixation, the fragments could not be dislodged. The
wires were placed to form a figure of eight, anterior and posterior to the fracture; and the

two main fragments were prevented from overriding b}^ a single wire loop. This provided

Fig. 4-B Fig. 4-C
'luly 25, thiee months after combined neurorrhaphy and bone short-

iiprvn
by the step method. Bony union almost complete. Motor regeneration of radialaL.i \ e was bo per cent, after nine months.

J’lg. 4-C; Shows teclinique used.
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THE RELATION OF DISCOID MENISCUS TO CYST FORMATION
AND JOINT MECHANICS

BY J. KULO-^’SKI, ST. JOSEPH. MISSOURI, AXD
H. M'. RICKETT, AI.D., TACOAIA, WASHINGTON

The folloAnng case of discoid meniscus is reported because it brings up the still

debatable question of the origin of cj’-st of the meniscus, and also because it apparently

demonstrates a fundamental principle of the mechanics of the knee joint.

J. B., a white woman, aged twent3’-one j'ears, had complained of pain, tenderness, and swelling of the

right knee of four montlis’ duration; this was noted especiallj^ after active sports. A palpable spelling and

significant v idening of the lateral portion of the joint space suggested a cj’^st of the lateral meniscus. At

operation, a small c.vstic mass and a complete^ discoid cartilage weje encountered (Figs. 1-A and 1-B); the

upper surface of the cartilage presented a remarkablj' eroded area.

These findings recalled the discussion in regard to the origin of meniscus cyst, and the

automatic coaxial movements of the knee which must have caused the defect on the

cartilage surface. ,
-

Of the current theories relating to the formation of cj'^sts of the lateral meniscus,

Ollerenshaw holds to their congenital oiigin. Other writers do not mainl}’’ because of the

paucity of cysts associated with malformation, and their denial ^ of the e.xistence of an

endothelial lining in cysts, spoken of by C. E. Jenkins, the pathologist who examined the

specimens taken from all of Ollerenshaw’s cases. Jenkins ' stated that: “No reliance can be

placed upon sih'er as a means of demonstrating cells”. He illustrates this point by two

photomicrographs in which a silver-stained section was counterstained with hematoxjdin;

the second staining brought out an increased number of cells, forming a sort of lining

membrane in a cyst of the lateral meniscus.

The recorded instances of cj’^sts associated with malformation do lend some support

Fig. 1-A Fig. 1-B

Fig. 1-A: The femoral surface of the discoid cartilage is shoi^Ti. The lower margin in

the anterior limit. The eccentric area of attrition and the complete attachment to the simon*

are notable. . ..... -.i „ „r.nnr n-art of

Fig. 1-B: The tibial surface of the cartilage is intact. The anterior hnut is in tne upp J

photograph.
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Fig. 6-A - Fig. 6-B

Fig. 6-A: Case 1. Patient was injuied bj' mortar on January 4, 1945. Secondary closure was carried

out on twenty-fifth day after injury. Shows roentgenogram of injury, taken on January 29, 1945.

Fig. 6-B: Roentgenograms taken six weeks after operation (May 4), at wliich time only slight motion
was obtained/at fracture site, contrary to the appearance in the roentgenogram. At operation the
humerus was shortened 5 centimeters. Note long posterior bone fragment, acting as a bone graft, which
was held by 'adres. (Scarcely visible in reproductions.) Bony union was complete in seven months, al-

though diameter of bone at fracture site was less than normal. Motor regeneration was only 50 per cent,

after nine months.

good stabilization anteroposteriorly, but allowed motion in the lateral plane. Alignment
could be controlled by plaster fixation.

After fixation of the fragments had been completed, absoluteJiemostasis was obtained.

It was frequently necessary to place mattress sutures into the scar tissue to stop capillary

oozing. Fifty thousand units of dried penicillin, diluted with dried plasma, were powdered
and shaken into the wound. Neurorrhaphy was carried out according to generally accepted
principles of nerve repair In the case of fractures in the middle third of the humerus, it

was usually possible to bring some of the fibers of the lateral head of the triceps between
the site of the fracture and the sutured nerve. This was done to minimize the formation of

adhesions between the sutured nerve and the fracture site. It also prevented the later

development of friction neuritis However, it did tend to take up some of the slack of

the nerve, and emphasized the importance of having shortened the bone.

At the end of the operation, the limb was fixed in a plaster cast which kept the shoulder
m foVward flexion and abduction, and the elbow in as much flexion as was necessary-. A
window was cut over the posterolateral aspect of the forearm to permit daily electrical

stimulation (Fig. 2).

RESULTS OP BONE FIXATION WITH SHORTENING

As shown in Table I, firm bony union developed in all cases. In Case 1, a supple-
mentary graft •* might have been advisable to obviate subsequent fracture. In Case 8 a pro-
nounced varus angulation was present, due to improper alignment in the cast (which could
have been corrected easily had it been noted ivhen the final postoperative cast was applied).
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According to Steindler, the movement of flexion is essentiallj^ a pure rocking motion

during the first 20 degrees, after which it becomes a gliding action of the tibia on the

femur. During the latter excursion, 50 or 60 degrees of rotation occur. Flexion is started

with an inward rotation of the tibia against the femur, and extension is completed by a

reverse rotation. The abihty to rotate the leg inward makes it possible for the leg to bring

the foot forward in walking. As the svdnging leg is set to the ground, the forward rotation

of the pelvis results in an outward rotation of the limb. Then, as the foot deploj^s while

the other free-swinging side of the pelvis comes forward, the standing knee goes into

flexion and, with it, inward rotation of the tibia begins on the standing side. Since the

longitudinal axis falls within the medial condyles, the lateral tibial condyle makes the

greater excursions. Thus was the peculiarly directed erosion of the femoral surface of the

cartilage, reported here, a prerequisite for the fulfillment of the coaxial movements of the

affected joint.
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'J'AIILE I (Continued)

Tiino from

Oporntion

to Complete

Bony l5iion

(X-ray Criterion)

(.Vont/is)

Type of

Fi.vntion

'rime from

Xeurorrhajiliy

to I^illow-U])

Study
(^^onth!!)

Musclc-s Showing

Some Degree

of Rceovery

Recovery

of

Voluntary

Motion

Amount of

Elbow
Motion

(Degrees)

5 ^^5ro n Trieep.s, hraehioracliali.s,

c.xtensor carpi radialis

longiis, c.xtensor carjii

radialis brevis

Fair

(50%)

70-145

4 Four-hole

jilnte

10 Triceps, brachioradialis, e.\-

tensor carpi radialis longus,

extensor carpi radialis

brevis, extensor digitorum

communis, abductor pol-

licis longus

Good

(75%)

55-155

S I'^our-holc

lilate

10 Triceiis, brachioradialis, e.x-

tensor carpi radialis longus.

e.xtensor carpi radialis

brevis, supinator, extensor

digitorum communis, e.x-

tensor carpi ulnaris, ab-

ductor pollicis longus, ex-

tensor pollicis longus

N^ormal

(100%)

45-150

7 Four-Violc

plate

6 Triceps, brachioTatlialis,

e.xtensor carpi radialis

longus, extensor carpi rad-

ialis brevis, supinator, e.x-

tensor digitorum communis,

extensor carpi ulnaris,

abductor pollicis longus,

extensor pollicis longus

Xorma\

(100%)

40-175

6 Four-hole

plate

9 Triceps, brachioradialis,

extensor carpi radialis

longus, extensor carpi rad-

ialis brevis, supinator,

ex-tensor digitorum com-
munis, extensor carpi ul-

naris

Good

(75%)

85-155

8 Four-hole

plate

7 Triceps, brachioradialis,

supinator

Fair

(50%)

No record

5 Four-hole

plate

9 Triceps, brachioradialis,

extensor carpi radialis

longus, e.xtensor carpi rad-

ialis brevis, supinator, ex-

tensor digitorum communis,
extensor carpi ulnaris

Good

(75%)

60-165

7 Wire 7 Triceps, brachioradialis,

extensor carpi radialis

longus, extensor carpi

radialis brevis, supinator,

extensor digitorum com-
munis

Good

(75%)

70-165

G.2 S.4
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Fig. 1-A Fig. 1-B

The e\tensoi carpi radialis longus has been transferred into the flexor digitorum profundus ten-
dons to 1 Gstoi e flexion power to tlie fingers. Thei e had been extensive loss of muscle substance in the
forearm Photographs show fingers extended (Fig. 1-A) and flexed (Fig. 1-B), appro.ximately two
months after the tendon transfer.

bring the finger tips to within moi’e than an inch of the palm, but each patient had a fairl}’^

strong grip for large objects.

One of these two patients was an Army sergeant, who sustained a severelj'' lacerated

wound, involving the left forearm, with considerable loss of flexor-muscle substance. A
large abdominal pedicle graft was applied to the volar surface of the forearm. The median

and ulnar nerves in the forearm were incompletely damaged. There was a fairl}'^ good

sensation over the palm and the volar aspect of the fingers; and the intrinsic musculature

of the palm was partially functioning. There was a severe adduction contracture of the

thumb, and there was no power of flexion in the fingers or thumb. A Z skin plast}'’ and a

stripping of the adductor pollicis muscle from the thumb were done to relieve the contrac-

ture of this digit, and the extensor carpi radialis longus tendon was transferred into the

flexor profundus tendons of the fingers. Figure 1-B shows the result of this tendon tians-

fer, approximate!}'’ two months after operation. The flexor pollicis longus was motivated

by the brachioradialis at a subsequent operation.

Another patient in this group had a very badly scarred hand, vdth marked adhesions

along the course of all flexor tendons in the palm and fingers; and the transfer was done

after a tendolysis of the flexor tendons. There was very little improvement in this case,

although the patient was last seen only five weeks after operation. The authors felt that a

of these patients would continue to improve with further active use of their hands.

In the group of cases vdth nerve injuries, three patients achieved a strong g'T

fingers touching the palm, and the fourth patient obtained flexion of his fingers to vn i

one and one-half inches of the palm. As one Avould expect, the end results in this

Avere better, as far as flexion AAms concerned, than in the group AA-ith muscle damage, becaii
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The tension under wliich suture of the nerve is done can be assessed and determined

accurately. The authors feel that it is preferable to shorten the bone more and flex the

elbow less, in order to obviate the postoperative stretch on the nerve required to extend the

elbow. Highet and Holmes suggested nerve graft in this dilemma, but the grafting of large

nerve trunks has not proved feasible clinically, although experimental work on animals is

encouraging

In a follow-up stud.y of nerves which at operation had been sutured under tension or

in a position which would subsequently exert tension, Highet and Sanders showed con-

clusively the dire results of tension. Of six cases of popliteal suture after extensive resec-

tion, one showed regeneration, and this was the only case in the series in which only six

centimeters had been resected. Re-exploration in three cases showed intraneural hemor-

rhage with fibrosis, extending both proximally and distally to the suture line to such an

extent as to prohibit resection and suture. The amount resected in each of the instances in

which recovery failed did not exceed the more conservative estimate made by both

Forrester-Brown and Babcock as being compatible with the return of function for this

nerve. Highet also reported seven cases of radial-nerve resection of amounts not exceeding

six centimeters, and all patients showed some degree of recovery. The average amount

resected in this series was 5.2 centimeters, but this does not include the length of nerve

destroji-ed completely at the time of injury. The length of nerve excised is rather confusing.

Table I presents actual measurements of the amount of tissue removed from both segments

before healthy fasciculi were reached. It does not include the amount of nerve tissue which

was inextricably bound up with the osteoid tissue of the fracture, nor does it indicate the

gap between the segments after such excision. Therefore, we have no accurate measurement
of the total length of nerve destroyed, nor could we determine any method by which this

could be measured accurately. The nerve retracts after being severed; and, when con-

tinuity has been restored, the more traction that is applied, the less seems to be the original

defect. In all of these cases, an attempt was made to restore normal tension with only

moderate flexion of the distal portion of the extremity, and to make up the deficit by bone
shortening.

A report by Hoen suggests that the danger in postoperative stretching of a sutured
nerve affects particularly the distal fragment. His recent work (reported to the Harvey
Cushing Society in October 1946) suggests that good results are obtained w(ien traction

has been applied to the proximal fragment only. If this method of dealing with wide gaps
proves successful, it will lessen still further the proportion requiring skeletal shortening.

V The time saved by the combined procedure in restoring the arm to normal function
can be estimated in terms of months. The percentage of normal function which is recovered
varies directly with the length of time after injury at which nerve regeneration is attained.
As regeneration is delaj’^ed, the number and severity of irreversible changes in the nerve
and in its end plates increase. The size of the nerve trunk itself is diminished, as shown by
1 oung; but more severe are the changes in the numerous end plates which, although they
maj’’ function again, are greatly reduced in efficiency Secondarily, muscle flbrils seri-

ouslj'’ affected by delajmd innervation are gradually encroached upon by interstitial fibro-
sis and, when re-innervation is postponed for a year or more, cellular changes in the mus-
cles denote the beginning of a degenerating process which progresses steadily to complete
disintegration in approximatelj'^ three years How long this destruction can be postponed
hj'^ legular periods of galvanic stimulation is debatable More definite are the grave
effects of prolonged immobilization i*, which is inevitable when injuries of bone and nerve
are treated successively rather than concurrently.

Only one patient in this series received a skin graft to effect secondary closure. If
oedema was carefully prevented, wounds could be closed under tension not previously
t louglit advisable; but where gross skin loss was present, skin-grafting had to be carried
out. The delaj'- which this entailed, however, prolonged the time from injury to healing an
roi, 39 4 OCTOnPR 1947
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Diagram shomng transfer of extensor^ carpi ulnaris tendon to serve as the motor elemmt of a tendon

transfer to restore opposition to the tliiimb. In the drawing at the left, the extensor carpi ulnaris tendon

has been severed at its insertion, and the extensor pollicis brevis has been cut at its musculotendinous

juncture and withdra\\Ti at its insertion into the base of the thumb. In the dravdng at the right, the

extensor pollicis brevis tendon has been rerouted subcutaneously across the palm, and sutured to the

extensor carpi ulnaris tendon at the medial side of the volar aspect of the wrist. A fi’ee tendon graft may
be substituted for the extensor pollicis brevis tendon, if the latter is not available.

Pig. 4-A Fig. 4-B

Fig. 4-A: Photograph of the right hand of a patient with parab^sis of the median and

nerves, showing inability to oppose the thumb to any of the fingers.
, , f„„sfer

Fig. 4-B: Shows the same patient, four weeks after the thumb had been motivate

of the e.xiensor carpi ulnaris tendon.

otVT
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TRANSPOSITION OF FINGERS IN SEVERE INJURIES OF THE HAND

<"•

BY LIEUTEXAXT COLOXEL WALTER C. GRAHAM* COLONEL J. BARRETT BROWN*,

LIEUTENANT COLONEL BRADFORD CANNON* AND CAPTAIN DANIEL C. RIORDAX

Medical Corps, Army of the United States

From the Hand Service of the Valley Forge General Hospital, Phoenixville, Pennsylvania

Penetrating wounds of the hand, caused by shell fragments or bullets which enter

either the palm or the dorsum of the hand and pass completely through, result in severe

damage to bones and soft tissues. Wounds of this nature usuall}'- occur in combat areas and,

therefore, complete debridement with primary closure cannot be done. Occasionally,

secondary closures are carried out. Due to the tj’-pe of the injuiy, extensive scarring

always occurs along the course of the missile, extending completel}’’ through the hand.

This scar involves the tendons^ nerves, and intrinsic muscles, and is nearl}'- alwaj^s adherent

to the bone. The loss of tendon and nerve function of the finger results in a so-called “dead

finger”. In some cases the blood suppl3'' to the finger is jeopardized, which results in a

swollen, cj^anotic finger. When an amputation has been performed preVdousty, the flexor

tendons are frequently found adherent to the scar,

preventing flexion of the remaining fingers. When

the finger has not been amputated, the flexor tendons

are caught in the scar and will gradually pull the

involved finger into a flexed position, thus prevent-

ing function of the finger, and inhibiting the function

of the remaining fingers. Frequently there is a

painful neuroma in the scar Avhich prevents the

patient from using the hand, since anj'' light touch

causes extreme discomfort.

In the reconstruction of the severel}'' damaged

hand, the first consideration is complete excision of

scar tissue, which leaves a large soft-tissue defect o

the hand. The closure of such a defect would requiie

a pedicle flap. The two objectives which guide this

reconstruction are to restore the most function anc

to attain the best appearing hand. In those cases m

which the long or the ring finger has been

tated, or in a so-called “dead finger”, we have oiinc

it adxdsable to transpose the adjacent fingei, O"

gether vith its metacarpal, thus eliminating

defect and approximating normal, health^'’ tissue. By transposing the normal

and finger into the defect which has resulted from the amputation and resection o

scar, -the hand is narrowed, but the appearance and function are improved. This p aces

remaining fingers parallel and prevents the deviation and rotation of the adjacent ^ng^^^

into the defect, as happens when a finger and a portion of the metacarpal aie ampu

Vdien the damage involves the bonj'- structures and tendons to the ring or long

resect the scar tissue and severelj’" damaged metacarpal down to the base. ^

inxmlves the ring finger, osteotom3^ is performed on the fifth metacarpal neai its

jg

the fifth metacarpal is transposed to the base of the fourth metacarpal. If the

involved, osteotom3'’ is performed on the second metacarpal which is then transpose

base of the third.
tacarpa* D

Occasional^" it is advisable to transpose the index finger to the fiis me

* See note, page 1004.
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RELATION OF DISCOID MENISCUS TO CYST FORMATION 991

to Ollemishaw’s concept. Herzmark reported a case of bilateral “giant” extei-nal menisci,

and mentioned mucoid degeneration in one of them. Meekison recorded one case, and

Ober two instances,- of cyst formation in malformed lateral menisci. Ollercnshaw, in record-

ing the only instance which he obser\'cd of cyst arising from the medial or free border of a

lateral meniscus, described the cartilage as being broad in structure (Fig. 2). He pointed

out that the lateral meniscus is by far the most frequent site of cyst formation (as observed

in thirty-six of his own forty-two cases), although it is less apt to become injured. Of the

fifty or more malformed menisci which had been reported up to 1941, only two involved

the medial meniscus.

One of the authors (J. K.), in reporting nineteen cases of cyst of the lateral meniscus.

Fig. 2: Malformed lateral meniscus with cyst formation at its medial or free border (redrawn from
Ollerenshaw). (Reproduced, by permission, from The British Journal ofSurgery, 23: 278, 1935.)

Fig. 3: Drawing represents the upper surface of the tibia and discoid cartilage in the present case. The
area of attrition subtended an angle of about 70 degrees, and was presumed to have been caused by
coaxial movements between the fixed lateral cartilage and the femoral condyle,—the anterior half by the
pinching stresses in the position of extension, and the posterior half by the rotational component of
movement. '

noted that three were associated with variable degrees of malformation, with no evidence
of trauma. In one, a boy of fifteen ^mars, there was an enlarged but annular type of carti-

lage. In another (a case of Steindler’s which was included in that series), both lateral

menisci \vere discoid, with cystic changes in one of them. In the third, a male of thirty-

three yearSj there was a comma-shaped malformation in the anterior half, with cystic

changes therein. In the case reported here, unfortunately, the microscopic examination
was confined to the eroded area alone, and no cystic changes were described there. It may
be that the cyst found at operation was whollj'^ parameniscal. However, it would seem
justifiable to conclude that at least some ej'^sts are congenital in origin, in so far as com-
pression of a malformed cartilage would accelerate a secretor3'- response in cells which had
retained some of their embiwonal character.

Ordinarih'^ the clinical sj'^mptoms of an uncomplicated malformed (biconcave) lateral
meniscus are due to malalignment of the joint surfaces bj’’ this interposed structure. ^^Tien
this cartilage is attached loosety, it slips and causes reposition of the condjdes. This is

accompanied bj’^ an audible and palpable snap or thud (“trigger” knee). What happens
when the cartilage is firmlj^ attached was illustrated in the present case. Since it was prac-
tically fixed to the tibia, the grinding and twisting action of the joint impressed itself upon
the fixed interposed discoid cartilage during the automatic coaxial excursions which are
known to occur in the knee (Fig. 3).
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Fig. 2-A Fig. 2-B

Case 2. Patient was injured
bj' bullet passing through the
right hand; bullet entered the
palm nith e.\it on the dorsum
of the hand, causing tremen-
dous scarring. The middle fin-

ger was amputated and the
indev finger was transposed to
the position of the middle
finger.

Fig. 2-A: Original palmar
view.

Fig. 2-B: Dorsal view upon
admission.

Fig. 2-C: Postoperative
I oentgenograms.

Fig. 2-D: Final pahnar view.

Fig. 2-E: Final dorsal view.

Fig. 2-C
^

Fig. 2-E

carried Mith it. This necessitates splitting the digital nerve slip of the adjacent sides o le

index and middle fingers well up into the base of the hand, as well as freeing and

the vessels necessai-A^ to allow the transposition. The tendon control of the index

preserved and maintained to control flexion and extension of the newlj^ formed

This results in a thumb which will oppose the fingers, have normal sensation, an

flexion and extension control, as well as the ability to grasp large or small
Uj^ing

Dial reported a case in wliich he lengthened the thumb with a tube giaft, s a

it with a bone graft. Albee applied a tube and a bone graft to the hand stump, so

remaining thumb would oppose a stable stub finger. Reports have appeared m le

hterature on phalangization of the first metacarpal. In the above cases, t ie

carpal was kept in its position and the cleft between the first and secon

was deepened. Nuzzi‘presented examples of this type of procedure and sta e

,r>tNT scBcrBr
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THE TRANSFER OF WRIST EXTENSOR MUSCLES TO RESTORE
OR REINFORCE FLEXION POWER OF THE FINGERS

AND OPPOSITION OF THE THUMB =>=

BY GKOUG13 S. PHALEN, M.D., CLEVELAND, OHIO, AND

RICHAUD C. MILLER, M.D., KANSAS CITY, MISSOURI

When a surgeon is called upon to restore active motion to a paralyzed hand, he must

take great care in determining the type of operative procedure which will produce the

best result. Each case is an individual problem. The surgeon must examine the hand care-

10% to ascertain, first of all, what necessaiy motor functions are lacking; and then he must

decide what active muscles are available for transfer into the paralj'^zed muscles.

The flexor carpi radialis, the flexor carpi ulnaris, and the palmaris longus muscles are

frequenti}’- emplo3’'ed to restore or reinforce flexion power of the Angers and opposition of

the thumb. The wrist and finger extensor tendons have been employed much less com-

monly for this purpose.

On the Hand Service of an Army General Hospital, the authors encountered patients

with loss or diminution of flexion power in the wrist and fingers secondary to injury of the

brachial plexus, combined injury of the median and ulnar nerves, or actual destruction

of the substance of the flexor muscles. The restoration of flexion power to these crippled

hands presented a difficult problem.

Probably the two most common methods of treating such cases are arthrodesis of the

wrist vdth transfer of the three wrist extensors, or tenodesis of the flexor tendons to ob-

tain automatic flexion of the fingers when the wrist is extended. The authors believed that

the mobility of the wrist joint might be retained and the flexor power of the fingers re-

stored by a transfer of one of the radial extensor muscles of the wrist into the flexor tendons

of the fingers.

In an occasional case of incomplete palsy of the median and ulnar nerves, the wrist

flexors were found to be strong and the finger flexors were weak. In these cases, Avhen it

became obvious that there would be no further return of nerve function, we had been
using the flexor carpi radialis to reinforce the finger flexors; but, after observing some of

the end results of wrist extensor transfers in cases in which no wrist flexors were available,

we concluded that the extensor carpi radialis longus or the extensor carpi radialis brevis
was a better muscle to reinforce the finger flexors than the flexor carpi radialis. Extension of

the wrist and flexion of the fingers are more of an associated movement than flexion of the
wrist and flexion of the fingers. It was apparent in these cases that much more power of

flexion was imparted to the fingers by transfer of the extensor carpi radialis than b}'' trans-
fer of the flexor carpi radialis.

The authors have performed this type of tendon transfer in eight cases,—four cases
of injury of the median and ulnar nerves or brachial-plexus palsy, involving primarily the
median and ulnar nerves, and four cases of irreparable muscle damage, involving the
flexor muscles in the forearm.

In the latter group those with muscle damage—one patient with onbr a few degrees
of flexion power in the index finger and none in the remaining fingers, but with a normally
^pple and mobile hand, obtained an excellent result, with abilit}'^ to make a strong fist.

le long flexor muscle of the thumb had not been damaged seriously.
Tw o patients with much less supple and mobile hands obtained considerable improve-

ment. Rlien last seen (approximately three months after operation) thej’’ still could not

Janua^’lt, 1947.®
Meeting of the American Society for Surgery of the Hand, Chicago, Illinois,
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Fig. 4-A Fig. 4-B

Fig.',

Suigeiy

Case 4. Shell-fragment
wound of the hand, mth lo^^

of ring finger and complete

destruction of the metacar-

pophalangeal joint of the mid-

dle finger. Patient Mas treated

by local flap to the dorsum of

the hand, arthroplash' to the

metacarpophalangral joint of

the middle finger, excision of

the fourth metacarpal, and

transposition of the middle

finger to the position of the

ring finger.

Fig. 4r-A : Original roentgen-

ograms of the hand.

Fig. 4-B: Final roentgeno-

grams.
,

Fig 4-C Fig. 4-D Figs. 4-C and 4-D: Final

vieM'S of the hand.
4-\ and 4-B reproduced by permission of The Yorke Publishing Co., Inc. (Snedecor, S. T.: Bone

of the Hand. The American Journal of Surgery, Vol. 72, p. 369, Sept. ]946h]

%

the operation. Tonnini conx'erted the index finger to act as the thumb. The method which

he used was somewhat similar to that here described; he attached the tendons of the lost

thumb for the motor power, but did not shorten the converted digit. We felt that this was

undesirable and we retained the motor power of the converted finger.

TRANSPOSITION OF INDEX FINGER TO REPLACE THUMB

The operative technique for the conversion of the index finger to the thumb was carried

out in two stages. As seen b3’’ the roentgenograms, the thumb was missing near the meta

carpophalangeal joint. It so happened that there urns also considerable loss of bone sub

stance and scarring along the second metacarpal.
In the first stage of the operation, a dorsal approach was made, and the scar tissue

was removed. The distal portion of the second metacarpal was excised, as well as the

articular surface and one-half inch of the proximal phalanx of the index finger. The trans-

verse metacarpal ligament was sectioned, and the index finger was freed so that it ww

retract almost two inches, care being taken to preserve the arteries and the nerves. i

first metacarpal was shortened about one-half to three-quarters of an inch, and, b}'- rota mg

and retracting the index finger, we were able to bring the first metacarpal and the

portion of the proximal phalanx of the index finger in contact. The}'’ were fixed m

position with stainless-steel ware. At this point, attention was directed to
^

proper rotation of the index finger to give opposition. The wound was then close ,
‘

period of six weeks interx’-ened before further surger}' was carried out.
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UESTORATION OF FLEXION POWEU OF THE FINGERS 995

Diagram showing transfer of extensor carpi radialis longiis tendon into flexor digitorum pro-

fundus tendons. The extensor tendon is severed close to its insertion, as shouTi at the left, and_ is

then freed well up into the forearm, rerouted subcutaneously onto the volar aspect of the wrist

(as shown at right), and inserted into the flexor profundus.

of the absence of joint limitation and scarring, so frequently associated with the muscle

injury. However, two patients had imbalance from intrinsic-muscle paralysis, and exten-

sion of the distal joints of the fingers was unsatisfactory.

In these transfers, the extensor carpi radialis longus was used most frequently, al-

though in one case the extensor carpi radialis brevis was employed. The tendon was

severed at its insertion, freed well up into the forearm, and then rerouted subcutaneously

to the volar surface of the wrist and inserted through buttonholes in the flexor profundus

group (Fig. 2). In one case, the extensor carpi radialis brevis was inserted into the flexor

sublimus group, and the end result was very satisfactory. In some cases, the transferred

tendon was passed beneath, instead of superficial to, the flexor carpi radialis tendon. Little

difference was observed between these two methods of transfer. It was felt, however,

that it \vas important to make the transferred tendon pull in as direct a line as possible.

The authors have also employed the extensor carpi ulnaris tendon as the motor ele-

ment of a tendon transfer to restore opposition to the thumb in seven cases in which no
flexor tendons were available for the transfer. In all of these cases, some power was present

in the flexor muscles of the fingers; but these muscles were so weak that the authors did

not feel justified in weakening further the flexion power of a finger by sacrificing a sublimus
tendon for the transfer. No wrist flexor tendons were available for transfer in any of the cases.

The extensor carpi ulnaris did not make so effective an opponens transfer as a flexor

muscle would have done, but the end results in these badly crippled hands were quite
satisfactory. A thumb, lying useless by the side of the hand, was given the ability to rotate
across the palm and to oppose the index finger, middle finger, and ring finger; and, in at
least half the cases, the thumb could also touch the tip of the little finger.

In all of the cases in this series, the tendon of the extensor pollicis brevis was severed
at its musculotendinous juncture, transferred subcutaneousl}’- across the thenar eminence,
and sutured to the cut end of the extensor carpi ulnaris, u’hich had previouslj^ been severed

VOL. 29. XO. 4. OCTOBER 1£»4T



1004 W. C. GRAHAM, J. B. BROWN, B. CANNON, AND D. C. RIORDAN

two lAirschner wires, put througii obliquely into the adjacent metacarpals. When tlie

wires are inserted, great care is taken to have the rotation of the metacarpal exactl}'

correct, thus allowing the metacarpophalangeal joint to move in the proper plane. The
metacarpal ligament is also repaired.

The hand is put in a firm pressure dressing and supported for a period of three weeks.

At the end of that period, active motion, Avhich includes physiotherapy and occupational

therapj^, is instituted. At the end of six or seven weeks, the ICirschner wires are removed.

The procedure of collapsing the hand narrows it moderately, but not enough to

weaken the hand to an}'- extent. An}'- weakness which may result from narrowing the hand

is far overshadowed by the advantages gained in having the fingers approximated so that

they vfill function as a unit. Further surgical procedures may be indicated, at some later

date, to restore complete balance and function to the hand.

SUMMARY

1. The procedure described for reconstruction of a useful hand after loss of a central

finger or the thumb has been carried out twenty-seven times with slight modification.

Various tendon transplantations and grafts Avere frequently done at the same time. The

method consists in transposing the adjacent finger and metacarpal into the defect, thus

restoring the parallel alignment of the remaining fingers. In loss of the ring finger, the

fifth metacarpal is ti-ansposed to the base of the fourth metacarpal. When the long finger is

missing, the second metacarpal is transposed to the base of the third metacarpal.

2. The method described for reconstruction of the thumb after amputation consists

in transposing the index finger to the first metacarpal, after shortening the index finger to

the proper length; then rotating it to the proper position for opposition, and maintaining

its blood and nerve supply and tendon control.

REFERENCES

1. Albee, F. H.: SjTithetic Transplantation of Tissues to Form New Finger with Restored Function of

Hand. Ann. Surg., 69: 379-383, 1919.

2. Dial, D, E. : Reconstruction of Thumb after Traumatic Amputation.-J. Bone and Joint Surg., 21: 98-100,

Jan. 1939.

3. Duxlop, John; The Use of the Index Finger for the Thumb: Some Interesting Points in Hand Surgerj.

J. Bone and Joint Surg., 5: 99-103, Jan. 1923. , ^

4. Joyce, J. L. : A New Operation for the Substitution of a Thumb. British J. Surg., 5: 499-504, 1918.

5. JoY’CE, J. L. : The Results of a New Operation for the Substitution of a Thumb. British J. Surg., 16. 36

369, 1929.

6. Nuzzi, Oreste: Intermetacarpolisi distale chirurgica. Riforma Med., 37: 248-249, 1921.

7. Nuzzi, Oreste: Ricostruzione del pollice mediante falangizzazione del I. Metacarpo. Ann. Italian:

Chir., 2: 957-963, 1923.
2

8. Rinaldo, Micotti: Neofalangizzazione del pollice amputato alia sua base. Arch, di Ortop., 41; 48

1925.

9. Tonnini, L. : Ricerche sull’anatomofisiologia del pollice e dell’indice in riguardo ad un metodo di sosti i

zione del pollice. Chir. d. Org. di Movimento, 4: 213-238, 1920.

Note: Dr. Walter C. Graham, Dr. J. Barrett Brown, and Dr. Bradford Cannon have returned to civili.

practice. Their addresses will be found on page 45 (Advertising).

the journal of bone aN3 joint suncEiix



UKSTOUATION OF FMCXION POWER OF THE FINGERS 997

at its insertion and transferred subcutaneously to the medial side of the volar aspect of

the wrist (Fig 3). No attempt was made to create a pulley at the pisiform bone, as is

usually done when a flexor muscle is used as the motor power in such a transfer. Care
was taken to keep the extensor carpi ulnaris tendon in the subcutaneous tissue, in order to

avoid an5'' adherence of the tendon to the underlying ulna.

One of these patients was an Army sergeant who sustained multiple saber cuts on his

right forearm, involving the median and ulnar nerves. The nerves were sutured, but
there was no evidence of any return of function in the intrinsic muscles of the hand after

eight months. There was profound disability in the hand; the patient was unable to touch
the tip of his thumb to the tip of any finger (Fig. 4-A). Because of the weakness of the
finger flexors, it was thought not advisable to sacrifice one of the sublimus tendons to act
as the motor power in the transfer of the thumb opponens; therefore the extensor carpi
ulnaris tendon was used instead. Four weeks after the transfer of the extensor carpi ul-

naris, the patient was able to oppose the thumb to the index finger, middle finger, and
ring finger; after another month, he was able to oppose the thumb to all of his fingers.

A similar case is illustrated by Figures 5-A and 5-B. This Army private sustained a
brachial-plexus injury, with involvement primarity of the median and ulnar nerves. The
thumb remained useless at the side of the palm; it could neither be adducted across the
palm nor opposed to the tip of an}'’ of the fingers. The flexor carpi radialis and the flexor
carpi ulnaris were not functioning, and there was no palmaris longus tendon. There was
some power of flexion in all of the fingers and the thumb, but this power was not sufficient
to warrant sacrificing one of the flexor sublimus tendons to serve as the motor power for
an opponens transfer to the thumb. Consequentl}--, the extensor carpi ulnaris was em-
ployed; and the end result ^Yas very satisfactory. The patient was able to oppose his thumb
to all of his fingers.
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1006 J. A. DICKSON

^lechanical factoi's in fractures of the neck of the femur.

Fig. 1 : Pauwels’ analysis of the plane of fracture. Fig. 2: Linton’s analysis of the plane of frac-

(From Friedrich Pauwels.) ture.

To appraise the mechanical factor, Painvels made a careful mathematical anal3’’sis of

the mechanical stresses on the fracture plane in fractures of the femoral neck, occurring

at different angles. He has classified these fractures into three groups, according to the

angle between the line of the fracture and the horizontal line running through the anteiioi-

superior iliac spine (Fig. 1). If this angle is less than 30 degrees, the fracture is impacting,

and will unite soundl}" \nth anj^ tj'^pe of treatment. If the angle is between 30 and /

degrees, there is less impaction and some shearing strain; the fractui’e will not unite, un-

less this shearing force is overcome by internal fixation. If the angle is between 70 an

degrees, the fracture line is so nearlj^ vertical, and the effect of shearing stress is so giea
,

that non-union ma}^ be anticipated, regardless of Avhether a Smith-Petersen nail, multip e

pins, or the lag screw is used as the method of internal fixation.

Linton, in an analysis of 365 cases of fracture of the femoral neck (Fig. 2),

essentialh' vith Pauwels’ analj’^sis of the mechanical factors, although he measuie

angle of the fracture line in relation to the shaft of the femur, rather than in le a^ion

to the horizontal line through the anterior-superior iliac spine. He believed that
^

us

furnished a more accurate measurement, since the horizontal line is not alvays
_

estimate, because, in most cases, a roentgenogram of onlj'" one hip is available foi

^

’

and the pehns is, therefore, insufficient^ shown to make accurate calculations.

stressed the importance of taking the roentgenograms with the limb in interna
j

in order to procure a free projection of the neck. His method jdelds angles abou

degrees greater than Pauwels’, but the results are relativel}'' the same. The aut oi a

Linton’s method of calculation as being more accurate, since it is not affecte

adduction or abduction of the limb.
'ndicate

Studj’’ of end results after various procedures of osteotom}'' would seern^ o i

that one of the principal difficulties encountered is lack of definite control ovei

of the femur and the upper trochanteric segment, and their
femur

the shaft of the femur is displaced medially. In many instances, the hea °

is not rotated sufficient!}-, and the fragments are not correctly placed to aci

union and repair. Reliance has been placed entirel}- on the impaction o
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THANSrOSrriON of fingfus in skveuk injuries of the hand 999

replace (he amputated thumb. Hoiv crippling i.s the loss of the thumb to the function of

the hand is well known
;
to replace it wit.h a digit which has sensation and muscle control is

an extremely valuable procedure. In transferring the index finger to the thumb, many

points must be considered. Probably the first in importance is the length of the digit. If it

is to function as a thumb, it should be shortened from one to two inches, so that in the

opposed position, with the fingers partially flexed, it will not extend beyond the ends of

the fingers. Also, the finger must be rotated almost 90 degrees and must have sufficient

cleft to allow the opposed position and abduction.

If the index finger is to function as a thumb, the nerve and blood supply must be

Fig. 1-B Fig. 1-C

Fig. 1-D Fig. 1-E Fig. ]-F

struck on right hand with shell fragments, losing the thumb at the metacar-
popiiaiangeal joint. There was severe comminution unth loss of bone substance of the second metacarpal

included tmnsplanting the index finger to replace the missing thumb, fixing the finger to thest metacarpal, filling m defect with a local flap and split-thickness skin graft.
Pi'^^ogiaph and roentgenogram of the hand upon admission.

T7-°-
^:^^^o™tgenogranis of hand after transposition of index finger,

igs. 1-u, i-h,, and l-F: Final appearance of the hand after rehabilitation.
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1008 J. A. DICKSON

segment, and that this rotation should be accurate!}'- and consistent!}'- controlled. This

osteotomy, -with its mechanical advantages, should be combined with bone-grafting to

stimulate osteogenesis, in cases in which this added factor would prove beneficial. The
operation should be one which requires a minimum of dissection and of interference with

the remaining blood supply to the head and neck of the femur. Shortening in the affected

limb should be overcome. In the postoperative treatment, fixation in a plaster cast should

be eliminated.

To fulfill these requirements for an ideal procedure for treatment of ununited fracture

of the femoral neck, the following technique ivas planned; It was decided that the tro-

chanteric portion and the head of the femur might be transfixed with a blade plate, pene-

trating from the lateral prominence of the trochanter into the lower half of the head,

to assure accurate control of the head and the trochanteric segment. In anticipation of

this GO-degree rotation, the shaft of the blade plate should extend outward at an angle

of 60 degrees to the long axis of the femur, so that proper placement of the plate might

be readily accomplished after the osteotomy and necessary rotation had been completed

Fig. 5

Transfixion of upper segments with plate at 60
degrees. Drawing shows the method of fixation, the
angle of the blade plate, and the estimation of the
diameter of the chisel used for marking the site of
the osteotomy.

(Fig. 5).

In planning the operation, cogni-

zance was taken of the importance of pre-

serving the remaining blood supply to

the head and the trochanteric seg-

ment In exposure of the anterior

surface of the intertrochanteric region,

the muscles and vessels should be re-

tracted medially, so as to preserve the

vascular supply to this region. Osteot-

omy should then be accomplished with a

minimum of interference with the re-

maining blood supply.

In order to achieve a rotation of 60

degrees that could be accurately and

consistently controlled, it was decided

that the osteotomy should be made

along two sides of ivhat would be a regu-

lar hexagon; the fragments could then

be rotated by one segment. Hence, it

Fig. 6

Drawing shoudng placement of hexagonal
marker to determine the site of osteotomy.

Fig. 7

Dranang shouang the osteotomy
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TRANSPOSITION OP FINGERS IN SEVERE INJURIES OF THE HAND 1001

used by Cipollino and Giicnnonprez-Klapp and others. Einaldo’s procedure was of a

similar nature.

The conversion of another digit lo act as a thumb is an operation ivliich has been

performed many times.

Joyce reported two cases in

which the ring finger from

the opposite hand was

transposed to act as a

thumb. In these cases, no

attempt was made to su-

ture the nerve, but Jo5'’ce

stated that there was a re-

turn of some sensation. He
reported no motion in the

two distal joints. Dunlop

suggested a method similar

to the one here described,

but he had not performed Fig. 3-A Fig. 3-B

Fig. 3-C Fig. 3-D
C«B 3. Patient was injured when a rifle bullet passed thiough his left hand, tearing out the middle finger,

and leaving a large cleft in the
hand He vas treated by the
transposition of the ring fingei

r
S defect caused by

* ^ i ^
I / / the loss of the middle finger.

I
‘ / ) / / /

.Fig. 3-A: Original dorsal

'll ill/ view of the hand

\
j

/ . ' 1 / ' / / Fig. 3-B: Volar view.
'J ' W jiLy*- ^ Fig. 3-C: Roentgenograms
m W / ' tiw / ^—. upon admission

^ ^ ‘ >* - Fig. 3-D: Postoperative
\ 1 oentgenogram.

\ j ‘f Fig 3-E: Final palmar view.

\ , I /' ' Fig. 3-F: Dorsal view.

\ / ^
[Figs. 3-A, 3-B, and 3-D re-

\ ‘ produced by permission of The
\ Yoike Publishing Co., Inc.,

s (Snedecor, S. T.: Bone Surgery
— — - of the Hand. The American

Fig 3-E Suracru. Vol 72 n
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Fig. 10 Fig. 11

Fig. 10: Preoperative roentgenogram for estimation of actual size of the bone.
Fig. 11: Roentgenogram shoving guide wire in place for estimation of position and length of blade

plate.

At the time of operation, the patient is placed on the table so that roentgenograms,

both anteroposterior and lateral, of the hip are easil}'’ made. To accomplish better control

of rotation, the limbs are fixed in stirrups with the knees bent. A preliminary roentgeno-

gram is made, so that traction, abduction, and rotation can be adjusted to secure the

optimal position.

After the proper preparation and anaesthetization of the patient (with pentothal and

inhalation of nitrous oxide and oxygen), an incision, seven or eight inches long, is made

on the lateral aspect of the thigh, extending doivnward from the prominence of the greater

trochanter. The outer surface of the bone is exposed subperiosteallj'', and a bed is prepared

for the reception of the blade plate after the osteotomy has been completed. Then, a

Smith-Petersen incision is made, as in acetabuloplasty, which exposes the hip joint from

the front. The rectus femoris is reflected downward, which allows full exposure of the

anterior surface ol the femur. The joint capsule is opened, and the incision is cariied

Fig. 12

Fig. 12: Roentgenogram showing the method
of determining angulation of the blade plate
with a 60-degree protractor. •

Fig. 1.3

’ig. 13: Roentgenogram .“showing insertion of blade plate into the head of the femur.

VE a.vd joint .=uBr,i.nV
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Fig. 5-A Fig. 5-B Fig. 5-C

Case 5. Rifle bullet through the palm of the hand c.aused gieat

loss of soft tissue and bone substance of the ring finger. Treatment
included excision of scar, amputation of the ring finger, and the
transplanting of the little finger to the stumji of the fourth meta-
carpal.

Fig. 5-A: View of the hand before surgery.
Fig. 5-B; Original roentgenogram of hand.
Fig. 5-C: Final roentgenogram of hand.
Fig. 6-D: Final view of the hand.
[Figs._ S-.'V 5-B, and S-C lepioduced by permission of The Yorke

Publishing Co., Inc. (Snedecoi, S. T.: Bone Surgery of the Hand.
The American Journal of Surgery, Vol. 72, p. 369, Sept. 1946).]

At the second stage, the division was made between
the index and middle fingers; the incision extended from
the base of the palm to the base of the metacarpals

dorsally. A dorsal flap was raised to fill the base of the
cleft. The vessels anastomosing between the middle and index fingers were freed, leaving
the arteries and blood supply to the index finger. The cutaneous nerve branches to the
index finger were freed well into the base of the hand. The proximal pulley for the flexor
tendon of the index finger was completely excised to free the tendons. Dorsally, the ex-
tensor tendons to the index finger were rerouted to the radial side of the wrist so that
their direction of pull would simulate that of the extensors of the thumb. The remaining
exposed surface was then covered with a split-thickness skin graft, taken from the thigh.
In the process of dividing the index and middle fingers, the intrinsic muscles were left with
the middle finger, so that they would act in a normal manner. The abductors and adductors
of the thumb were attached to the converted index finger and thus had their normal
function and action. This new thumb was held in a position of abduction and opposition
for a period of three weeks, followed by a period of occupation and rehabilitation

TRANSPOSITION TO REPLACE CENTRAL FINGER

To a great extent the line of incision must be controlled by the scar tissue which is
present on the dorsal and palmar surfaces of the hand. It is frequently necessary to curve
the incision in order not to jeopardize the remaining soft tissue. In the palm of the hand.
It IS very important to avoid straight incisions, as they tend to cause contracting scars.

If the so-called “dead finger” still remains, it is amputated down to the base of the
metacarpal, leaving about three-eighths of an inch of the base. All adherent tendons,
neuromata, and damaged muscle tissue are excised completely. Osteotomy of the meta-
caipal of the finger which is being transposed is then performed at the same level, and
le metacarpal is moved centrally over the base of the amputated metacarpal with itsin iiiisic muscle still attached. The transposed metacarpal is held in its new position by

VOL. 29. NO. 4. OCTOBER 1947
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Fig. 15-1 Fig. 15-B i

Fig. 15-A: Roentgenogram of femur \nth ununited fracture and moderate varus deformity, showing

oquabzation of limb length procured by rotation osteotomy.
Fig. 15-B: ^loderate varus position with lotation of 60 degrees. Drawing of case sho\ra in Fig. 15-A to

show calculation of equalization of limb length.

Fig. 16-A Fig. 16-B

Fig 16-A: Roentgenogram of femur with ununited fracture and extreme varus deformity, showang

equalization of limb length procured by rotation osteotomy.
. in Mn

Fig. 16-B. Marked varus position vdth rotation of 60 degrees. Drawing of case shoivn in I'lg. Id-a

show calculation of equahzation of limb length.

fits accurately along the femoral shaft. The plate is then clamped into position and

trith scretvs.

The ttindow is now cut in the trochanteric i-egion, in order to allow removal of fibious

tissue from the fracture plane and curettage into the head of the bone for the lecephon

of the graft from the crest of the ilium After closure of the capsule, replacement o

muscles, and suture of the wounds, the limb is removed from the stirrup. While the

is still bent, several firm blows are administered to the knee to assure impaction at

fracture sites.

The limb is now fixed in balanced traction in a Thomas splint. The patient

in the splint for six weeks, and, during this period, is encouraged to move free } m

Treatment after the operation is practically the same as that given after an intei

teric fracture in which a blade plate has been used for internal fixation. The aut lor le^

that there is a distinct advantage in avoiding external fixation in plaster, especia 3

elderty patient, since some movement is helpful in promoting general "
j to

the patient is in balanced traction, quadriceps exercises are encouraged, t lese

THE JOGRXWL OF BOXE AND JOINT .

(



THE HIGH GEOMETRIC OSTEOTOMY, WITH ROTATION AND BONE GRAFT,

FOR UNUNITED FRACTURES OF THE NECK OF THE FEMUR

A PUELIMINAHV RbPOKT *

BY JAMES A. DICKSON, M.D., CLEVELAND, OHIO

From ihc Cleveland Clinic, Cleveland

In planning the treatment for unvmited fractures of the neck of the femur, ortho-

paedic surgeons have come to think in terms of a bone-grafting procedure versus an oste-

otomjL This “either-or” viewpoint has been expressed, in a recent collective review

on the subject, as follows; “The condition may be relieved by the Albee bone grafting

operation, or a modification of this procedure by the insertion of internal fixation in addi-

tion to the bone graft. The alternative is to perform one of the various types of osteotomies

that have been recommended.”

The fact that two schools of thought exist as to the best treatment for ununited

fractures of the femur is sufficient evidence that neither procedure in itself is entirely

satisfactory. Both procedures—bone-grafting and osteotomy—have produced satisfactory

results in a certain proportion of cases, and both present certain advantages and disad-

vantages. The experience and preference of the surgeon has determined which method

would probably offer the individual patient the best chance of obtaining a functioning hip.

Bone-grafting procedures, either alone or together with internal fixation, have been

described by Albee, Henderson, Gallie, Compere, Campbell, and the author. These pro-

cedures rely largely upon the stimulation of osteogenesis to procure union. In the various

types of osteotomy, as devised by Schanz, McMurray, and Leadbetter, and as reported

by Schumm, Speed and Smith, Blount, Reich, and others attention has

been focused on the correction of faultj'' mechanics. Although osteotomy has produced

satisfactory union in some cases, there have been others in which union did not occur,

despite correction of the mechanical difficulty at the fracture site. In a series of thirty

patients who were subjected to osteotomy by Speed and Smith, solid osseous union was
obtained between the head and the neck of the femur in only fifteen. These authors have
commented that, “Although functional results are better if union takes place between all

three fragments, or between the head and neck, satisfactory function ensues even though
nonunion between the head and neck persists, since the new mechanics of the hip have
eliminated shearing force at the fracture site, established a bony support, and provided
an improved line of weight-bearing”.

The Brackett operation •*, which also aims at correction of faultj'' mechanics, is still

favored by some orthopaedic surgeons but the author is in accord with the opinion
of Watson-Jones that this operation is not to be recommended, because the extensive
dissection required produces much greater interference with circulation than does
osteotomy.

It has been well established, in the treatment of non-union or delayed union elsewhere
in the skeletal system, that good mechanical factors, combined with the use of transplanted
bone, yield the most satisfactory results. In stud3''ing the problems presented by ununited
fiactures of the neck of the femur, and in considering the advantages and disadvantages
of the various procedures now being used, it seemed desirable that a suitable operation
be devised which would combine the advantage of corrected mechanics, obtained by
osteotomy, with that of the improved osteogenesis, produced by a bone graft.

at, the Annual IMeeting of The American Orthopaedic Association, Hot Springs,
presented at the .Annual Meeting of The American Academy ofurthopaedic Surgeons, Chicago, Illinois, Januarj- 1947.
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Fig. 17-A Fig. 17-B

C ^.SE 1. Pieoperative anteroposterior and lateral roentgenograms, showing non-union.

(Figs. 18-C and 18-D). The patient had a full range of motion in the hip, and his limbs were of equal length.

C-vsE 3. A woman, aged sevent3'-five, slipped on a cement floor and injured her right hip on April 4,

1945. Roentgenogiams were made at the time of the injuiy, but were reported as showing no fiaoture.

Wien she i\as seen, three months after the injur3'-, there was severe lestriction of motion in the hip joint,

with one inch of slioitening of the e.\•tremit3^ A roentgenogiam revealed an ununited fracture of the neck

of the right femur (Fig. 19-A). Operation n-as performed on August 9, 1945, and balanced tiaction was ap-

plied until September 27. Roentgenograms made nine months after operation showed union of the fracture

(Figs. 19-B and 19-C). The patient had an e.vcellent range of joint motion, and was walking well, '"'ith

limbs of equal length

DISCUSSION

Despite the great improvement in the

results of treatment of acute fractures of

the neck of the femur, since the advent of the

method of internal fixation®^, non-union le-

sults in approximately 20 per cent, of cases,

Fig. 17-C Fig. 17-D

Anteroposterior and lateral roentgenograms eight months after Operation.
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to broak down the fibrous scar tissue, and there is no opportunity to use grafted bone to

facilitate union.

Neither osteotomy nor a bone-grafting procedure restores the loss of limb length

which almost invariably is present with ununited fractures of the femoral neck. In the

literature, emphasis has been placed almost entirely on obtaining a stable weight-bearing

hip, and results are reported as satisfactory, provided that good joint function has been pro-

cured, even though there may be one to two inches of shortening of the limb. In- the series

of thirty cases reported by Speed and Smith, the average shortening after osteotomy

was 1 .3 inches. Leadbetter, in one of his last contributions, convincingly demonstrated

that, with the high osteotomj% greater limb length was obtained than with other types

of osteotomy. However, except in earlj’^ cases, in which the operation was performed

Fig. 3 Fig. 4

Roentgenogram of a typical ununited fracture Mechanical analysis of the fracture shown
of the femoral neck. in Figure 3.

before very much fibrous scar tissue had developed at the fracture site, it was the author’s
experience that Leadbetter’s procedure was carried out only with considerable difficulty.

In analyzing roetgenograms of ununited fractures of the neck of the femur, the femur
should always be in internal rotation to reveal the true length of the remaining neck and
the inclination of the fracture plane. A review, bj'^ the author, of manj'- cases has shown
that ini'ariably there has been a downward rotation of the head of the femur, within the
acetabulum, of about 60 degrees, and that the plane of fracture has been almost vertical,
or, in the terminology of Pauwels or Linton, would fall in the third group (Figs. 3 and 4).
It seemed evident on all roentgenograms studied that, if the upper part of the trochanteric
region and the head of the femur were rotated 60 degrees, the head of the femur would
assume its normal relationship within the acetabulum, and the mechanical stress on the
fracture line would be changed, so that the fracture could be classified as in the first group
and would have the advantage of impaction to stimulate union.

THEORETICAL TECHXIQUE

After consideration of the above data, the conclusion was reached that an improved
technique for the correction of ununited fractures of the femoral neck should consist of
a high osteotom}^ which would allow a 60-degree rotation of the head and the trochanteric

VOL. 29, XO. 4. OCTOBEIl I5I47
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i'lG. 19-

A

K IQi.r’
- - --

1<'IG. 19-Jt5

Fig 19-b'
roentgenogram, shoiring non-union.ig. ly D Anteropostenoi i oentgcnogram nine months after operation.

I

(1) In addition to accurate con-

trol in correcting the mechanical de-

fects and (2) to stimulating osteo-

genesis by use of a bone graft (thus

counteracting the two factors most

disadvantageous for bony union), the

operation also has the following vir-

tues: (3) Equalization of limb length

is procured; (4) muscular attachments

to the trochanter are not disturbed,

and thus the muscles and ligaments

are in good position for normal wall

ing; (5) no extensive dissection i

required which would cause additions

, interference with the blood supply ti

le emoia head and neck; (6) the surgical procedure is not particular^ productive o

s oc (/) theie is no need for external fixation in a cast; and (8) the postoperative can

m simphfied, involving no greater difficulty than treatment of a simple intertrochantcrii

fiacture in which internal fixation has been used.
It is not as 5’'et definitely established what part the obliquity of the fracture line pin} •

in the development of pseudarthrosis. The fact that, in the cases here presented (in whic i

non-union had persisted for approximately two to three years), bon}'’ union was procuret

aftei correction of the mechanics is suggestive that this factor is extremel}" impoitnnt.

Although the author has had no opportunity to apply this geometric osteotomy in treat

ment of acute fractures, it seems probable that the principles utilized in the treatment ot

ununited fractures ma}' later be applied in carefull}'’ selected cases to prevent non-timon-

If the possibility of non-union is recognized early, and if the operation is cairiec on

Fig. 19-C
Lateial roentgenogram nine months aftoi operation.
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Fig. S; Drawing .‘showing rotation of tlio femoral head and the trochanteric segment, and the fixed

position of the blade plate.

Fig. 9; Drawing showing the bone grafts in place.

tvas necessaiy to devise a hexagonal marker in which the long diameter of the hexagon

equalled the distance from the lateral prominence of the trochanter, where the blade plate

entered, to the upper surface of the lesser trochanter (Fig. 5). Then, by placing this six-

sided marker on the anterior surface of the femur, with one side parallel to the flare of the

trochanter as it extends downward from the site of entrance of the blade plate, it would

be possible to determine the exact site for osteotomy (Fig. 6). (In practical application,

a semihexagonal chisel is used for this purpose [Fig. 14].) If a marker of the proper size

were used, it is obvious that the low'er medial edge of the marker would always come out

just above the lesser trochanter, thus assuring a high osteotomy. If the upper trans-

fixed fragments were then rotated so that side A would be brought into the position of

A' (Fig. 7), an accurate rotation of 60 degrees would be assured; the blade plate would

assume its proper position along the shaft of the femur; and a stable contact of the frag-

ments, with a perfect fit, would result (Fig. 8).

To complete the operation, a bone-grafting procedure, designed to ensure osteogene-

sis, could be readily accomplished by first removing a window from the trochanteric

region, and, after thorough curettage of the fibrous tissue from the old fracture site and
well up into the head, multiple bone grafts from the ilium could be impacted into the head
and neck of the femur, according to a method previousl}'^ described (Fig. 9).

PRACTICAL TECHNIQUE

The technique used in translating this plan into practice can probably be described
best bj’^ following the steps as carried out in an actual case.

^\hen necessaiy, adhesive traction is applied for a few daj'^s before operation, to bring
the stump of the neck of the femur opposite the head of the bone. In the cases so far en-
countered, this has been quite satisfactorily accomplished. Some time during the pre-
liminaiy investigation and preparation, a blade plate of known size is strapped onto the
side of the thigh opposite the trochanter, and roentgenograms are made to permit definite
calculations as to the actual size of the bone; this determines the dimensions of the blade
plate and the marker or chisel which will be used at the operation (Fig. 10).

VOL. 29, XO. 4. OCTOBER 1947
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SET OF SEMhHEXAGONAL CHISELS SHOWING
MOST FREQUENTLY USED DIAMETERS

Fig. 14

Set of five semihexagonal chisels for macldng tlie site of osteotomy.

outward, with medial reflection of the muscles anterior to the femur. This allows adequate

exposure with a minimum of interference with the blood suppl3^ A guide wire is then

passed from a point about one-half inch above the prominence of the greater trochanter

into the center of the head of the femur (Fig. 11). Roentgenograms are made in order to

check the position of the wire and the length of the blade which mil be necessary. The
proper blade plate is then selected, and is bent so that, when the blade is inserted parallel

to the guide wire, the plate will project from the femur at an angle of 60 degrees (Fig. 12).

This angle is procured by use of a protractor ^ which fits along the shaft of the femur.

The blade plate is inserted so that a good hold is obtained on the head of the femur (Fig.

13), and the fracture plane is well impacted, and the blade is securely fixed. The lesser

trochanter is now palpated, and the distance from the prominence of the greater trochan-

ter, where the blade plate enters, to the lesser trochanter is calculated with a caliper.

A semihe.xagonal chisel, Avith a diameter of this Avidth, is chosen from the set of five chisels

AA’ith diameters A'^aiying in Avidth bj'^ one-eighth of an inch from one and three-quarters

inches to Iaa'o and one-qiiarter inches (Fig. 14). The chisel selected is then used to mark
the site of the osteotomJ^ One side of the chisel extends doAAm, parallel to the lateral aspect
of the femur, from the point of entrance of the blade plate. The line of osteotom}'’ is

marked along the other tAA'o blades. The osteotomj'' is completed Avith an osteotome. The
upper end of the trochanter and the head of the femur are then rotated doAYmvard, while
the femur itself is brought into slight abduction AAuth traction, until the blade plate
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aid impaction of the ununited fracture and ai the osicolomy site, and ilms help to stimu-

late bone repair.

EQUALIZATION OF LIMB LENGTH

This typo of high osteotomy tends to re-establish a femoral neck, and it increases

the limb length from three-quarters to one and one-half inches in the adult of average

size. Fortunately, the greater the varus deformity and shortening, the greater the increase

in limb length obtained after operation (Figs. 15-A and IG-A). The increase in length can

bo accurately calculated (Figs. 15-B and IG-B). Botation takes place about the center of

the head of the femur, and the radius of the circle of rotation, designated as R, is equal to

the distance from the center of the head of the femur to the center of the hexagon on the

trochanteric segment. The degree of varus is determined by the angle that R makes

with the perpendicular to the long axis of the femur. When these data arc known, the

increase in length that will be obtained, when rotation is accomplished, can be calcu-

lated by the following formula:

X stands for the increase in limb length.

X = R (Sine of angle after rotation — Sine of original angle)

The sine values are constant and are casilj’’ obtained from tables on the values of

trigonometric functions.

In the case shown in Figures 15-A and 15-B, in which a moderate varus position of 30

degrees is present before rotation, the increase of limb length would be calculated as

follows:

A' = R (Sine 90° - Sine 30°)

A' = R (I - 0.5)

X = R X 0.5

In the case shown in Figures IG-A and 16-B, in which there is an extreme varus posi-

tion of 10 degrees before rotation, the increase of length would be as follows:

A = R (Sine 70° - Sine 10°)

A = R (0.9397 - 0.1736)

X = RX 0.7661

Thus, in practical application, the rotation of 60 degrees results in restoration of

normal limb length.

CLINICAL RESULTS

The clinical results in three cases in which the procedure of high geometric osteotomy,
with rotation of 60 degrees and bone-grafting, Avas performed for ununited fracture of the
neck of the femur are presented

:

Case 1. A man, aged forty-two, fractured his right hip in July 1944. He had been treated with supra-
condjdar traction with a Steinmann pin for three months, and then was in a plaster spica for six months.
When he first consulted the author, a year and nine months later, there was an ununited fracture of the
neck of the right femur, with one and one-half inches of shortening in the limb (Figs. 17-A and 17-B). Opera-
tion was performed on May 15, 1946, and balanced traction was applied until June 22. He was walking on
Clutches in July. Eight months after operation (Figs. 17-C and 17-D), roentgenograms were made which
showed that bony union was complete. The patient’s loAver extremities were of equal length, and he had a
full range of motion in the hip joint.

Case 2. A man, aged fifty-eight, fractured his right hip in February 1943. Internal fixation ndth a
Smith-Petereen nail was instituted four days after injur3^ Since then, he had not been able to walk without
crutches. IVlien he was first examined, on April 17, 1946, three years and two months after the injuiy,
roentgenographic study showed an ununited fracture of the neck of the right femur, ndth one and one-
quarter inches of actual shortening of the limb (Figs. 18-A and 18-B). Operation was performed on July 11
1946, .and balanced traction was applied until August 24. The patient was on crutches two weeks later,

len le n as seen six months after operation, roentgenograms showed that bony union was taking place
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Figs. IS-A iind 18-B: Ca&d 2 . Pi eopoi alive an-

loioposleiioi and latcial loentgcnoginms, showing

non-union.

Figs. IS-C and IS-D; Anteroposteiior and lateral

loentgcnogiams six months aftei opeiation.

Fig IS-C

^ I
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I'egardless of the type of intei’nal fixation

1 I used. The majority of these cases of non-
' union occur in fractures of the shearing type,

in which, as Pauwels has emphasized in his

classification of femoral-neck fractures, the plane of the fracture is relatively vertical, —
that is, 50 to 90 degrees. the use of the high geometric osteotomj'- here described, with

rotation of the fragment through 60 degrees, this angle is reduced to 30 degrees or less;

thus shearing stress is relieved, and the fracture becomes stable and in the optimal
position for bone repair.

By thus correcting the mechanical defect contributing to the non-union, and by
further ensuring bony union through vrse of a bone graft, this method offers definite ad-
vantages over those prerdousb' emploj'^ed. Although the procedure has been used in only
ten cases—and in some of these the operation has been performed too recently to allow
final conclusions the results so far achieved indicate that actual experience will confirm
these advantages.
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before advanced degenerative changes have occurred, satisfactory \inion can be expected,

with avoidance of many secondary plastic, rcconslrnction operations.

Linton, after a thorough analysis of 3(55 cases of fracture of the femoral neck, con-

cluded that “primary osteotomy in connection with reduction and nailing is indicated

in- cases with a very steep fi'acliircd surface . . . or when, for some reason or other,

reduction and nailing have failed”. He u.sed a wedge osteotomy as a primary procedure

in four cases of the former typo; union was obtained in all. The type of osteotomy de-

scribed in this paper would probably liavc the same advantages over the wedge osteotomy,

for this type of fracture, that it has in old ununited fractures. In acute fractures, the

additional feature of the bone graft may not be necessary.

It would seem desirable that additional studies should be made to determine the

importance of the angle of the fracture plane in relation to non-union of femoral-neck

fractures, and that attempts shordd be made to prevent pseudarthrosis by attention to

this factor. If, by proper selection of cases, osteotomy as a primary procedure could pre-

vent the majority of cases of non-union, this would constitute a distinct advance in ortho-

paedic practice, and would be a great boon to many patients with fractured hips, by

minimizing a long period of incapacit3
'^ and hospitalization.
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